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INTRODUCTION

This report includes abstracts and bibliographic lists on contractual
subjects that wore completed in May, 1973 .
technology,

| . L re——y
N T R T S W TR T T
ot e i e o i o .

The major topics are: laser

cffects of Strong explosions, geosciencer, particle b2ams, and

material sciences., A section on items of miscellineous

interest is alsn
included.

Laser coverage is generally limited to high power effects; all current

laser material is routinely entered in the quarterly laser bibliographies,

An index identifying source abbreviations and a first-author index to
the abstracts are appended.
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A. Abstracts

Zverev, G. M.,
Pashkov,

Vo &5 Naumov, and V, A,
Self-focusing of ultrashort laser
pulses in solid dielectrics, R T o 2
1973, 575-576,

A bricf description is given of filament formation from

self-focusing in several dielec:rics, including fused and crystalline

quartz, lencosapphire and type K-8 glass.,

A mode-locked Nd glass
laser was used, generating

5 picosecond bell-shaped pulses with al?
nsec repetition rate. A combination of a Pockels cell and a nitrogen gas
switch was used to scgregate one or more pulses, which were amplified
to 0.03 j and focused in the target at 6.5 and 20 cm focal lengths, The
ference in filament formation from a

v&, multiple pulses; EETp el saaliss

discussion is mainly on the dif single
pical result,

d __— =

Bt RS R i TR e ntifionmnatian from ultr

ashort pulses,
a- in quartz and sapphire, sing
Iwo pulses, Arrows show inci
cm, phaotos x 15,

le pulse; b- in quartz,
dent radiation; f = 6. 5

In the self-focus point. With the focal length at f =

20 cm, filaments on the
order of 2 cm long were observed.

Additional data are given showing

filament growth and progression toward the focusing lens as pulse power is

increased, and the progressive breakdown mechanism is discussed
qualitatively.

1§

showing successive variation

s

|
|
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Lugovoy, V. N., and A, M. Prokhomov,

Heating and confinement of plasma in_

crossed light beams, ZhETF P, v. 17
no. 1, 1973, 5255

A new method of plasma heating by a pulsed laser radiation

is introduced to Produce a nuclear fusion reaction. The method consists

of heating a material by two beams, e. g., emitted by the same laser,

intersecting at some angle &. In contrast to Previously discussed techniques

e plasma much longer than the time of hydro-

dynamic dissipation, and obtains a skin layer area much larger than the

surface area of the heated plasma volume.

Interference of the two-focused beams intersecting near their

focal regions of diam., d@l and d@z Produces three-dimensional "micro-

regions' or potential wells which prevents Plasma dissipation if the

electromagnetic field pressure Plim ©" the boundary surface of a micro-~

region is greater than plasma pressure P+ Assuming the condition plirn>

pp1 holds within the time interval (tl - to), where to is the time of total

lonization, the time dependence of power pl(t) is shown to be exponential for g

typical laser pulse. The above assumption is then valid
duration

,» if the pulse

K14

cddu (1),

where V is the total Piasma volume confined to

’" < f(l) =

the microregions, do - max
(d<1>1, d“bz), and p is the efficiency of optical energy conversion into thermal

energy. Plasma temperature T1 at maximum 2 is given by

u
A »

BnkV (2‘)’
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where n is the ion density and E

1 is the total energy in the laser pulse.
Application of (1) and (2)

to a D-T plasma (n = 5x1022c
laser pulses with El = 3x104 Jjandp = 10-l
3x107 deg.

m -3) heated by

gave Tp < 10-9sec. and T1 =
plasma with d®= 5x1p -3cm.

» 1.€. an order of ‘Tragnitude
confinement is feasible even f

Free dissipation time of the
would be 4x10-usec shorter than 1 . Plasma
or the case
s significantly smaller than the length of microregions, provided £ >> UsTp'
where US-iS the sound velocity in the plasma,

Tp = 3x10

when material layer thickness £

Shorter laser pulses, e.g.,

sec, would promote a greater plasma contraction and increase
n in the microregions,

Fonkich, M, e S 51115 eI T

I2Shrshal * apacl WL vt Sidenko. Effect of
longwave laser radiation on latent

ZhNiPFiK, no. 6, 1972, 465-467,

-mages,

The dissipative effect of GaAs laser
on the latent image in an

radiation at A = 850 my,
SP-1 plate and type F1 30 or MZ-3 phot

nsitometric techaique. The radiation pawer density

am interaction with the emulsion were varied over
respectively,
sources, laser irradiation

ographic
films was studied by a se

and duration of lascer be

1:103 and 1:102 ratios, In contrast to the effect of red thermal

at increasing duration and intensity caused a
ical density
on the characteristic curve.

shift of the equilibrium opt DH pPosition towards higher densities

Nearly total dissi
can be achieved by exposure to laser beams ror

shorter than with thermal sources.

pation of the latent image

TR Wy T T

times 3 or 4 orders of magnitude
The specificity of the iaser effect

is attributed to a two-photon process,

The optical density is also found to
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Betaneli, A. 1., 1. P, Danilenko, T. N.
LLoladze, Ye. F. Semiletova, B, M.

Zhiryakov, and A. K, Fannibo, Feasibility
of supplementary alloying of R-18 steel

surfaces by laser beam., FiKhOM, no. 6
19720 22220

b

Experimental data were obtained on localized surface alloying
of R-18 high-speed steel by a quasi-cw pulsed rub

y laser beam. Graphite
and VK-3, VK-6

» or T15K6 standard mixtures for hard alloys were used

as source alloying elemeits to test the feasibility of developing a steel-

base tool with improved cutting and wear resistance characteristics, A

10-3 sec duration laser pulse was used at 15 and 25 j output energies and

107 to 5}{106 w/cm2 power densities, The exposed region was conditionally

divided into a fused zone and an adjacent transitional zone (Fig. 1).

—_— ’%_‘fr_—-ﬂ
7

5 /“Ji
20209

Fig. 1. Shape and parameters of irradiated region.

Tabulated D, d, H, and h values (D= he

at treatment region diameter,
d- fusion diameter, Il- heat (.-

~'ment region depth, and h- quenching

region) varied as functions of rad. on energy .nd power density, and

material composition, D May be iucreased . and H decreased . by varying

the power density. No craters

even at a power density of ' w/cem” was observed. A localized s ectrum
p

» avlation or any sign of specimen destruction,
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analysis indicated a significant change in the chemical composition of

the irradiated volume; e. g. increases in the carbon or tungsten contents

of the metal. Micrographs of the etched surface reveal the microstructure

of the melt. Depth microhardness data (
Hone/mmi

77 N

Fig. 2) show that the transitional

Y70

7

J

704 4.08 4912 216 4 mm

Fig. 2. Microhardness distribution in irradiated
region of a P-18 plus BK6 comrposition: 1 - ron-
irradiated, hardened control Specimen; 2, 3, 4-
Specimens irradiated at 100, 5x105, and 105 w/cin2
power densities, respectively; 5 and 6 - nonirradiated
steel specimens annealed at 650° and 850 © C

.

or region of secondary hardening exhibits maximum hardness. Zones of

varying hardness at differing depths can be obtained by selecting a suitable

irradiation regime. Hardness increased after heat-treatment of irradiated

specimens. Analysis of Debye powder diagrams of specimens irradiated
5 6
at 5x10

2 ! T ANl
-10° w/cm” and alr -cooled indicates a characteristic lncrease

of the @-Fe lattice parameter. The authors conclude that lattice expansion

is due to the alloying elements and the carbides dissolved in the matrix

material,

Supplemental surface alloying of a high alloy steel by laser

beam was thus found to be feasible. The resulting alloy composition depends

on the powder used for alloying and the beam parameters. The selection

of a quasi~-cw irradiation regime is justified by the ease of controlling

radiation parameters and the absence of metal destruction,

i Ry o e
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Basov, N. G., E. M. Belenov, V. A,
Danilychev, O. M. Kerimov, and I. B.

Kovsh. Optical breakdown in compressed

gases from CO2 laser radiation. ZhETF,
v. 63, no. 6, 1972, 2010-2014.

The optical strength of atomic and
gases was studied the

R

molecular compressed

oretically and cxperimentally, to determine the break-

down threshold parameters of IR laser emission in gases under ~100 atm.

pressure. Optical breakdown in compressed gascs by a laser beam is

treated as a cumulative ionization process. In the case of atomic or
molecular gases at pressures p > 1 atm and relatively high laser r

power density q(p) the ion cumulation constant is given by

adiation

y=k/rt, (1)

where 7= I/a is the characteristic time in which the laser energy accumulates

on an electron in the amount ¢ aearly equal to the atomic ionization potential

I, and k is the probability of electron transit through the ex

“citation zone of
electron therms. At higher p, the bremsstrahlung effect on excitation of

vibrational molecular levels must be taken into account in calculation of v,

Then the expression for Y becomes

3 a()A
y:erxp{nTa(t) },

2 @i

(2)
where Q = i/a is the frequency of electron invers

ion in the energy zone (O, i],
a*(G)'\‘ a::::

*i) Ab(€-i) is the rate of electron losses in vibrational excitation,
iis the energy corresponding to a*(e) maximum, and A is the

characteristic
"width' of the ¢/*(€) function.




wn threshold q* in a1 gases

increased p (Fig. 1). At P> 10 atm,

&
/. atm

Fig. 1. Threshoig intensity of optical breakdown

in compressed gases from CO2 laser radiation,
VS. pressure,

@* in molecular gases increases rapidly, but g
not increase. At high field Potentials (o > q),
determined, according to (1),

in He up to 50 atm does
optical strength of 4 gas is
by the laser pulse energy wi, The calculateq
in He corresponds to p~ 30 atm, while the

l indicates Saturation of g(p) at P~ 40 atm. The

W(p) minimum for breakdown
experimental curve in Iy

Optical strength of a molecular gas is determined, according to (2), by

radiation power, For N‘2 at p=1atm, g% = 109 w/cm2 from (2) and q* =

1(37 w/cm2 from (1), 1t is concluded that, at low P, 9% = Q¥*(p) is a slowly
decreasing function, whereas at high p Qs

“ increases as pz. Using N2 as
an example, q¥(p) for A = 10y radiation stzrts to increase rapidly from
P=20-30 atm.




Letokhov, V. S., and A. A. Makarov,

Vibrationa! excitation kinetics of molecules

by infrared laser radiation. ZhETF, v. 63,
no. 6, 1972, 2064-2076.

Selective excitation of vibrational degrees of freedom by
powerful IR laser pulses is analyzed. Results show that, at . high
excitation power, saturation »f even the first vibrational level of a -

molecule takes at least Trot/c_x, where ! is the rotational relaxation time

and q is the fraction of molecules excitedoto the same rotational level. This
"bottleneck effect'' is shown to essentially restrict the resonance excitation
rate of a molecular system to higher vibrational levels. This restriction

of the accumulation rate of vibrational energy E exists in both excitation
models examined (by successive transitions and by vibration -vibrational
exchanges). The nonecquilibrium distribution function u (x, t) of vibrational
levels is formulated for both models. In the most general case, due ‘o the
bottleneck eifect the E transferrable to a molecular system is restricted

by the relation

-1
(hw) ~ dE/dt <g/2r__,
where hw is the transition cnergy. The authors conclude that the restriction
on the excitation rate of molecular vibrations seriously impedes selective

vibrational heating of the molecules, and consequently the promotion of

selective chemical reactions by monochromatic IR laser radiation.
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Rayzer, Yu. P. Discharge propagation

and confinement of a dense Plasma by

electromagnetic fields. UFN, v. 108,
no. 3, 1972, 429-463,

This is an up-to-date systematic review and analvsis of

known experimental and theoretical rescarch data on continuous discharge

plasma generation, and its confinement in an electromagnetic field.

Soviet sources comprise 75% of the 55 references,

The data reviewed
are divided into thre

¢ main groups according to the type of discharge

ropagation regime: supersonic shock wave, subsonic e uilibrium heat
&

conduction, and nonequilibrium lonization wave regimes,

An analogy is

drawn between the different discharge propagation regimes and detonation

e Lo i o - = g

or slow burning mechanisms of combustion. Thus, the supersonic

. propagation of the laser plasma front in air is related to optical detonation
3

4

which may be treated as a hydrodynamic discontinuity by analogy with a
detonation wave in combustion.

WL S e 4}

Flow propagation, e.g. at~¥40 m/sec,

of the plasma front
initiated by a spark discharg

e in air, and maintained by a focused laser
beam with subthreshold intensity, is interpreted as a slow bur

ning of the
4 laser beam. In this case,

the optical discharge propagates by a heat
conduction mechanism. The same mechanism explains generation of a

: dense low-temperature plasma by h-f discharge in a static gas at atmospheric
1

] pressure, or in a gas flow through an induction plasma torch,

: Propagation in atmospheric air in s.h. f, waveguides, s.h.f, discharge
:

: in a gas flow in plasmatrons of different geometry, or in a Kapitsa resonator,
9

a% well as arc discharge in a plasmatron in the absence of gas flow,

1 s - P o s b p S . i
, a2 s g &

T e i e o

o Bar e RS
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Temperature determination and h. f. or s.h.f. discharge

stabilization are discussed for the cited configurations, One chapter is

devoted to stabilization of an optical discharge in an optical plasmatron by

laser beam focusing, a subject frequently repr rted on by Rayzer. A

nonequilibrium ionization wave regime is establishad in a pulsed discharge
in stationary inert gases with a cesium v

apor admixture, owing to electron
thermal conductivity, 'I'he

well-known static Gischarge contraction in a

d.c. field is variously cxplained by radiation or heat trzusfer to the wall.

The ionization wave in a shock Wave or spark-induced, iocalized inert

gas plasma in a s.h.f. waveguide propagates by the mechanism of

resonance radiation transfer. In contrast, the ionization wave initiated by

s.h.f. discharge in a molecular gas (NZ’ air) propagates by a thermal

conduction mechanism. Another possible mechanism of optical-

discharge-
induced

Wwave propr.gation is the superdetonation heat conduction regime

which prevails at a beam intensity higher than that which initiates supersonic

detonation, Plasma temperature in this case attains several million degrees

and the discharge wave Propagates with a velocity higher than the shock

wave velocity. This regime is analogous to the heat wave generated at

an early stage of very Strong explosions,

Finally, the radiation mechanism is discussed in relation

to propagation of a laser spark from giant pulses. The breakdown wave

nitiated by a focused laser beam with intensity above the breakdown

threshold propagates at ""phase'’ velocities by a mechanism basically

different from all cited mechanisms,




Galeyev, AL AL, (. Laval', T. O. Neyl,
M. N. Rozenblyum and R. Z. Sagdeyev,

inverse Paramesatric Scattering of a non-

linear clectromagnetic wave in plasma.

ZhETF, v. 17, no. 1, 1973, 48-52,

The authors consider two parametri~ instability processes

responsible for the conversion of incident electromagnetic wave energy
into the cnergy of plasma oscillation, name]

Y, decays of photon (purping
wave) = plasmon + phonor (ionic sound),

and photon . plasma + plasmon,

The first of these Processes takes place in a specific layer of the corona

where the frequency of an incident c-m wave is approximately equal to

= ws) while the second Process takes p
when plasma density n = n./4 where n

pPlasmon electron frequency (wo lace

1s critical density, In addition,
y is possible when the ener
converted into scattered e-m r

Paramectric instabilit

adiation. This involves two types of decay:

Photon + phonon, These pProcesses

part of a corona where density n << n./4, and

pPhoton—; photon + Plasmon, and photon —
can take place and in the outer

can be serious if the incident ¢-m wave will be scattered before reaching

the region where n = n_/4.

The question is then considered as to whether the Scattered

€-m starting from an initial level of thermal noise,

and Propagating in
the homogencous Plasma corona,

can be amplified.

Since the process of
inverse parametric Scattering is complex, an appro

Ximate quasilinear

analytical model of the processcs in the form of a third-order ordinary
differcntial equation is used,

The solution of this equation is obtained, on

90° Scaltering are cstablished. It is concluded that the pumping wave

almost entirely converts into Scattered e-m r

adiation and the incident
flow of enero rapidly decrecases inside the corona,
o

the model used in applicable only for a limited intens

radiation; for higher intensities,

It is emphasized that
ity of incident

the parametric Scattering phenomena
change and require a different attack.

S]101E=




Lisitsa, M. P., and I. v, Fekeshgazi.

Laser §
————— ‘1 A
irradiation damage on the surface or within

transparent glass,

IN: Sb. Kvantovaya .
elektronika, no. 5(11y, 1972, 8]1-88.

This is an extension of studies by the
damage to various franspar nt dielectrics {cf. February 1972 Report, pp. 2,
3). In the present case type K-8, LK-5
exposed to 15

~uthors on pulsed laser

and TF-5 glass spe:imens were
-40 ns ruby laser pulses over a medium focal

and at pulse energies varying from threshold up to 1, 2 1,

threshold. Results are treated for the three general case
surface damage,

range (3<f<8cm),
or about 15 times

s of input
internal damage, and exit face damage.

t formation and crack Propagation data are given f
compared.

light,

Crater geometry,
filamen

or all cases and
Residual stress Patterns were also observed under polarized

Figs. 1and 2 show effects for internal and exit face damage,

Fig. 1. Internal breakdown in glass (x 16. 8)

a- along beam axis; b- normal to beam,
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—rah, Wem
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Fig. 2. Exit face damage.

a- crater from low -intensity pulses, (x36);

b, c¢- in polarized light, high-intensity pulse
(x 16.8); in (c), 1 denotes Specimen, 2 its
image- arrow is laser beam direction

BN Aarobod b il b bl g e b

respectively. Although different for the three types of glass,

effects were qualitatively the same, hence the results
all specimens,

the damage

are typical for

Gurevicl:, G. L., and V. A, Murav'yev.

Effect of laser irradiation on thin films,

FiKaOM, no. 1, 1973, 3-8,

A theoretical solution is

pPresented to the problem of heating

thin metallic or semiconductor films by a laser beam, focused on a

small (1-10 p) arca of the film surface.

of film elements, e. g.,

The problem arises in Preparation

holes or bands

, of a few microns in size for
microelectironic devices.

A general formula is obtained for heat transfer at the film-
dielectric substrate boundary;

this is applicable to the most frequently
used films of thickness h = 10-5

with A > 0.3x10"

cm. heated by a focused laser beam

c¢m. With the cited formula an analysis was made
of film heating by a ¢

-w laser beam (

stationary case) and a free-running

pulsed laser (nonstationary case),

Threshold power density for film




o

breakdown was determined to be 30% higher in the ionstationary case.

. -8 -
The authors conclude ihat during the initial heating period of~107° - 10 £

sec,
.
surface gradients of T(0, .) attain Stationary values; during the following

period oleO"2 sec, T attains its Stationary value in all points at the same rate.

Andreyev, V. G., and P, 1. Ulyalov. Thermo-

elastic stresses in a plate from a cylindrical

source with an arbitrary time-intensity character-
istic, FiKhOM, no. 1, 1973, 27-31.

An analytical solution is obtained to the th

quasistatic problem of thermal elasticity in a plate,

ree-dimensional
heated by a cylindrical

(beam) source with arbitrary time vs, intensity f(t) and €xponential optical

depth kz vs, intensity dependencies, It is shown that in the particular case

of optical thickness kH <1 or kii-= oo and {(t) = 1, the solution for T(r, t)

by the authors (I-FZh,
v. 15, no. 6, 1968) for a source with a constant kg Vs,

coincides with known solutions Previously obtained

intensity characteristic,

or by different authors for a beam source with a censtant time-intensity

characteristic. The components GQ'D(,D and O’&D of thermoelastic stresses

O’i'k and Gi'k which correspond to the solution obtained for T(r, z, t) are

formulated as functions of the thermoelastic di

and the deformation potential ¢ (r, z, t),

Computation of qup on the face z = 0 of 5 gla

5s plate (k = 12 cm-l)
shows that tensile o

reaches the tensile limit of the mate

rial long before
its softening, and causes glass breakdewn withij

I several tens of usec from the
Start of heating. In optically thin plates,

l.e., with a small kH, the deviation
of the o values thus ¢
5]

alculated from the plane elastic state is estimated

to be small, ¢.8., 0.6% for H:= 1 e¢m and k = 0. 006 cm-1
dependent on kiJ.

, and is basica]ly

st hnan i 2

b e e e




Ahiyev, Yu, M., (), M. Gradov, and A. Yu,

Kiriy. Anomalous dissipation and penetration

of strong electromagnetic radiation into a con-

finded plasma. ZhETF P, v. 17, no. 3, 1973,
177-179,

Stationary penetration is analyzed of a transverse electro-

magnetic wave into a semi-confined plasma (z > 0) with allowance for

externsl energy (S"r)conversion into energy (Sl) of longitudinal, plasma

and acoustoionic noise Parametrically

interacting in a nonhomogeneous
pumping field.

Transverse wave incidence is assumed to be normal and its

frequency w, close to wp of the plasma. Parametric interactior between

noise types is localized near the boundary. The Str—b- S1 conver 'ion occurs

outside the interaction region where increasing longitudinal nois

¢ decreases
the amplitude Eo(z) of a transverse wave. The depth of pumping wave

pPenetration decreases according to the formula

R ___]-_In('str/st_}‘ Stros Se (1)
2« '

where k is the maximum value of k'z', the incremental rise of acoustoionic

and plasma vaves. The formula for k is derived by solving a dispersion

equation for kz )

In a laser-heated plasma collision frequency v
to L of (1) is estimated 10 be significantly higher than the usu

&l Uei' In the
example given for H plasma with ne = 102

1/cm3 and T, = 16 keV, heated by
a Nd giass laser at w, = I 78x1015 sec-1 and E0 56.108V/cm, we thus have

ng,q,/u,,- = 5+10-6 El (2)
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1973, 1141-1145.
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nonuniformities in optical breakdown of trans
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as with strong re-radiation, PMM,
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serie des sciences techniques, no. 3, 1973, 29(221)-34(226).

Markelova, L. P., 1. Vv, Nemchinov, and 1., P. Shubadeyeva. C

of hot regions formed by air breakdown from laser radiation,
ZhPMTE, no. 2, 1973, 54-63,

Pustovalov, V. K, Radiation heating of a two-temperature plasma,

taking electron thermal conductivity into account,

solution. DAN BSSR, no. 4, 1973, 313-315,
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studying ignition and combustion of metal particles. IVUZ Fiz,
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2. Effects of Strong Explosions

A. Abstracts

Voytenko, A. Ye., M. A. Lyubimova,
and Ye. P, Matochkin. An explosive
shock tube. TVT, no. 6, 1972, 1280-
1284,

Experiments with a small $ize model of an explosive
shock tube are described., The experimental unit and an X, t-gas flow

diagram are shown in Fig. 1. The compression chamber volume is

[/
/ ,”,lll’ d b7k L) " Fia

I"ig. 1. Experimental uait and x, t-flow diagram

1- 0.5 kg of trotyl (50%) RDX (50%) compound;

2- detonation wave front; 3 - metal plate; 4- working
gas; 5- compression chamber; 6- diaphragm; 7- tube;
8- cone; 9- transparent cylindrical chamber; 10- flow
model; 11~ chamber bottom,

100 cm3 and is filled with air under normal conditions. After an explosion,
high pressure and high temperature are obtained, causing the rupture of
diaphragm 6 resulling in a Ligh-velocity gas flow in chamber 9. Photo-
graphs of the flow past a spherc and a pointed rod are included. An
analysis of the photographs is made and from the measurement of Mach

cone angle a variation of Mach number from 3 (o 5 was established. Since

SoagE




;
]
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the flow is nonstationary, the simplified flow may be represented as in
Fig. 1. It is explained how flow parameters in

Particular portions were
determined.

The experimental values of flow parameters pPresented

are in good agreement with results obtained by other authors.,

Batsanov, S, S., and E. M. Moroz, &ray

analysis of residual stresses in shock-

compressed crystals. FiKhOM, no. 6, 1972,
127-129,

The results and methods of an x-ray analysis of CaF.,
Cdr

ety . A it e e
P, A eu o T R W T L —— g — R Rty )
TS R ST R g e , ..

s

>+ BN, and CuBr shock-compressed test samples are presented,

X~ray method.

For CaF2 and CdF
400-500 g hexagene, variations in
to £ 0.0005 4. For CaF

> Specimens compressed by explosion of

strain parameters were measured, accurate

> this variation was from 5.4620 A to 5.45924

, and
for CdF, - from £,3839 10 5,3819 4.

It is emphasized that with decrease

in strain an increase in crystal density and dialectric permeability is

observed, Analyzing the phase transition in BN,

the authors observed
oriented residual stresses in the direction of the

c-axis of a hexagonal
lattice, due

to the reduction of Parameter c from 6.66 A to 6. 56 A,

Residual
Stresses were also detected in a CuBr

2 T Cu system, when owing to shock
compression monovalent GuBr is formed.

The maximal parametric change
was observed (from 5.643 4 to 5.690 4) whe

N a test specimen was twice
compressed by 150 gr RDX charges in a standard cylindrical container.



Antonov, Ye. A., L. N. Gnatyuk, B. M.
Stepanov, Yu. I, Filenko and V. Ya. Tsarfin.
Holographic study of electric explosion of
wires. TVT, no. 6, 1972, 1210-1213.

Experiments with holographic recording of various stages
of wire explosion in air and water are described, The wire explosion stages

simultaneously were photographed as shown in Fig. 1. Two types of

IS =y T

a rL @]”

Fig. 1. Exploding wire,

l- ruby laser; 2- optics; 3,10, 15- splitters;
4, 5, 6- reflectors; 7- Scatterer; 8- wire
specimuen; 9- filter:; 11- camera; 12- holo-
graphic recorder; 13, 14- Photoelements:
16 - oscillograph,

explosions were considered: 1) when the electric energy applied to the
wire is sufficient for explosion but not enough for its complete evaporation;
and 2) when the energy supplied to the wire is sufficient for wire evaporation.

Photos taken with the holographic equipment for various stages of two types

-20~
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of wire explosion in air are included. Fig. 2 presents the photograph

Mo 3
r',-‘,'f"‘v, Wi
0P, 5 Sor
3

o

e Ao

]

[ Fig. 2. Reconstructed image of wire exploding

E in water,

; of wire explosion in water. An analysis of the photographs is given and the B
energies Necessary for wire explosion are estimated. Also, estimates for 3
the velocity of wire fragments, the shock wave velocity and the concentration
of electrons in the Plasma are presented. The advantage of holography for
recording wire explosions as compared with the ordinary photographic
method is stressed. 4

E A
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Bagdoyev, A. G. , and Z. N Danoyan,

Study of motion of a medium near a shock

wave contact point using linear and non-
linear formulation, ZhVMMF, no. 6,
1972, 1512-1529,

Motion parameters u, of a fluid medium hear the point or

line of contact between a weak shock wave and the diffracted wave are

determined theoretically in linear and nonlinear approximations. In

the two-dimensional problem, the contact is represented by the point

B (Fig. 1); in the three-dimensional problem it is the line B (Fig. 2}

Fig. 1. Two-dimensional pProblem Fig. 2, Three-dimensional problem
of shock wave AB reflection from of shock wave § reflection: So initial

surfaces intersecting at an angle wave, L - diffracted shock.
with a vertex in O, e.g., a wedge:

A BOO - initial position of AB,
Bgl - diffracted shock, EF - hyper -
sphere,

In the first approximation, the fluid medium is described by a set

of quasilinear differential hyperboljc ¢quations. To obtain a linear solution

for u., this set is reduced to a set of linear hyperbolic equations

w duy
Il(ul)::O‘ L(ll)-)=(l,; 5—;’*‘[\,)11'! (1)'
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where A and a are constants; this is valid for T2>10

where L. (uj) is a linear operator, aij are the matrix elements Xy is the

radius vector of a point in an (n + 1) dimensional Space. Equations (1)
are solved for uj in two steps. In the first step, a set of linear differential
equations in three (x1 = t, X, = X, X3 = y) or four (t, x, vy, X4 = z) independent
variables with constant ai(‘lj() is substituted for (1) and solved for u = uj

using an integral Fourier transform. In the second step, this solution

is extended, using the Green function, to Egs. (1) with variable a(ilf)

. ! . 3 o . .
and final solutions are derived tor u,, a, and u” near the point or line B

(a‘i s a given vector determined ‘re.n the boundary condition at 0).

The linear solution to the three-dimensional problem can be
applied to the problem of a plane wave diffraction at the vertices of a
polyhedral angle. A simplified nonlinear solution to the two-dimensional
problem is obtained by two methods, incorporating MHD concepts, which
are also described. The nonlinear equations formulated by both methods

are solved for shock wave velocity. They are further simplified for

magnetohydrodynamic waves, Analogous miethods were used to derive

nonlinear equations for solution of three-dimensional problems.

Tarasov, B, A. Time dependence of
Plexiglass strength under shock loads.
Problemy pProchnosti, no. 12, 1972,
03-64,

Experiments have shown that between time T to material

fracture and the corresponding applied stress §, there exists the relationship

T= ‘/‘j{,' Nt

: (1)

sec. The author thus

o




igates x(6) when the application of th
in an impact load or explosion. An exrerimenta) study of this Problem

) i f plexiglass discs of >0 mm diameter ang
with the folleing thicknesses: 1.2 mm, 2-4 mm, and 2, 8-7 mm. The

Plates were impacted along the plane surfaces. For each Pair of plates the

impact velocity at which the fracture of plates cccurred was recorded.
Two types of fractures were observed: isolated fracture pockets and total
fracture of the surface., The eXperimental results are Presented in

two tables and a graph showing the 7 - § relationship,

Soloukhin, R, I. Kinetics of N>O
thermal decomposition in shock
waves. DAN SSSR, v. 207, no. 4
1973, 912-915,

NO oy, Ne b O A,

S LT-10% exp (- IR000/1¢ 7y e, cm/mol x sec

2.9

O N Ne o, tor N,
B A0 ex (21007




Kinetic studies of (1) show that 7[M] in undiluteq N,O is controlled by a

Quasistationary [0] approximation, i.e., by N,O dissociation,
(0] in highly diluted N,O increases linear

phase and the effective rate constant of N

In contrast,
ly in the initial decomposition

2O decomposition at the end of
the induction period is given by:

L
k'= d log(N,0)/dt = ~k IMI(1 + 2 8ap® (2),

where o = ky + k3 /k

It follows from (

» respectively., The

data thus obtaineg explain the apparent discrepancies in earlier activation

eénergy data, and confirm the monomolecular nature of NZO conversior

Zaslonko, 1. S., S. M. Kogarkov, Ye. V.
Mozzhukhin, ang Yu. P, Petrov, Thermal

decomposition of nitromethane in shock

Waves. KiK, v. 13, no, 5, 1972, 1113 -1118.

High-temperature decomposition of CH3 NO2 was studied by

measuring rate constants of the C-N bond breaking and Secondary radical

reactions. The experiments were carrie

2,200-3,500 A Spectral range at specific times after advent of a shock

wave, CH3NO2 consumption and NO2 formatio

n were monitored by
simultaneously recordi

ng absorption at 2,390 and 4,350 4 ang emission

pe traces of absorption and emission are shown,

-25-
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and CH3 NO2 concentrations and rate constants k1 of the reaction

CHNO, — CH; 4-NO, (1)

are tabulated. Qualitative analysis of the absorption and emission spectra

reveals that the initial phase c{ CI—I3 NO2 deccmposition is pPreceded by the

mechanism of (1) followed by the fast free-radical reactions

3 CHy 4+ NO; — CHy0 + NO (2)
' CH, +NO, — CH,0ONO (3)
The formation of a CH3O radical was dctected by chemiluminescence of the

electronically excited HZCO molecules. The rate constant of (1) obeys the

: empirical equation k, = 1012' 8exp(-48, IOO/RT)SecOI, which confirms the
a P 4 1

CI—I3 NO2 decomposition mechanism established by Cottrell and later

' researchers. Comparison of the k. data obtained by the authors and data
P 1
'L from the literature (Fig. 1). shows a dependence of the CI—I3 NO2 decomposition
1 19 & feen ")
G 5o

Jor

FPACO OB Az m 4
T By g Ry

1er

jo}

T
#10°

Fig. 1. Rate constants of CH3NO decomposition
versus temperature: 1, 2, 3,74, 8, 9- literature
data, 5, 7, 8, 10- authors' data.

. e e .
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rate at T > 1200° A and P<2 atm  on the
The authors'

1 data of different authors are due to the pressure -
dependence of k, .

1+ The experimental data suggest that,
limits of constant kl’ the reactions (1) and (2) mainly o
constant k2 of the reaction (2) in the 1360-1500° K range

£/mol, sec, and Practically independent of temperature.

within the time
ccur. The rate

was 2. 5x109

Kassel'man, P, M., Yu.
and Ye. S, Yakub.

P. Z emlyanykh

Determining the

coefficient of thermal conductivity of

diatomic gases in 2 shock tube. TVT, no.
5, 1972, 1018-1024.

» So that this data could be applied t

o the study of diatomic gases at
high temperatures,

The methods were revised such
applied to the shock tube described b

fiz-energ. nauk, no, 2, 103, 1370,

that they could be
Yy Zemlyanykh (IAN BSSR, Seriya

diaphragm reflects from the end of the t

ube, leaving behind a high-
temperature gas.

To describe the heat transfer

Process from the heated
gas to the wall of the tube

» it is assumed that the kFroblem is one-

dimensional; the Pressure is constant behind the reflected wave

gas is negligible,

; and
radiation from the heated

I'or the description of the
the following added assumptions were made:
and translational degrees of freedom are in e

résonance heat exhange,

relaxation Process, rotational
quilibrium; due to intensive

the oscillatory degrees of freedom are in a
ilibrium and under isothermic conditions the
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rence method on a Minsk-22 computer

for various Mach numbers of the incident shock wave.

ated nitrogen in the temperature range

Ssure p= 1 atm, The obtained results are

The authors conclude that the

K lgan, v, p, and A, S, Fonarev. Flow
Pattern during shock Wave incidence on 3
zYlinder or Sphere,
97-103,

MZhiG, no. 5, 1972,

The prsblem of diffr

action of a shock wave by a fixed
cylinder or Sphere is analyzed,

The gas dynamics equations, under the

at conductivity are neglected, are
established ahead of
veloped by Godunov (Matem,

Presented with initial conditions
wave. The method de
and ZhVMMF, 1961,

and behind the shock
sb. 1959, v, 47, no. 3

of equations. The authors descri

-28 -
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The desoribed diffraction fatlern can be verified by numerical solutions

of the cited system of equations, Somc calculated results of shock wave
diffraction and of steady subsonic, transonic and supersonic flow around

a sphere and cylinder arc presented; curves of equal pressures at various
instants of time are graphically represented for all three cases. For
various values of Mach number, the total dimensionless force f(t) acting
upon the sphere and cylinder is calculated., The calculated action of the
shock wave with Moo = 0.2p upon the cylinder is compared with experimental
data. The obtained results were compared with numerical solutions of

stationary flows around the bodies,

Chekalin, I, K Shumanov, and Ye.

P. Afinogenov. Ionized metal vapor flow

interactions with a body at M > 1. IN:

Sbornik, Teplofizicheskiye svoystiva i
gazodinamika vys okotemperaturnykh s'red.
Moskva, Izd-vo Nauka, 1972, 96-106.
(RZhMekh, 1/73, no. 1B66) (Translation)

sonic and supersonic flow of ionized copper and lithium vapors, Contact
methods are outlined of flow parameter measurements, Flow velocity,
Mach number, temperature, density and the pressure of erosion plasma
flux, formed during electrical wire explosion and electrode erosion, were
determined by means of two plane calorimeters, a ballistic pendulum,
hypersonic photography and emf induced in the magnctic field. The results
were varified by other methods, e.g. according to Stark broadening

of the HB line,

~29-
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Vorob'yev, N.

F., and V. P, Fedosov.
Supersonic flow around a dihedral angle.

(Conical case), MZhiG, no. 5, 1972,
170-175.

Supersonic flow past intersectinp

plane wings forming a
dihedral augle TS ¥<2Tis analyzed using linear

flow theory. It is
assumed that the velocity vector of the incident wave

with the sides of the dihedral angle,

the sides are small.

forms a small angle
so that disturbances introduced by
The motion in the disturbed region is assumed to

be vortex-free and the gas to be viscous and thermally non-conducting.

Tae lincarized system of g

as dynamics equations is reduced
to a wave equation for the Pressure func

tion, with the form

(Almz— 1)Pxx"— Py — P2z =0

(1)

This equation is given the Laplace transform; the pressure function P»
w hich is the real part of a certain f(o) =(

p+ is) function of a complex
variable O, is then sought,

The domain in which f(0) is defined is indicated

and boundary conditions formulated. The domain of definition of f(0)

the upper half-plane and the problem of
determining p is reduced to the Hilbert problem for the upper half-plane.

is conformally mapped in

The general form of the solution is
of pressure p on the ¢
The e

d

presented and the values

dge and the sides of the dihedral angle are established,

ffect of the nonlinearity of boundary conditions (for the case of

iffraction of the leading characteristic surface) on the flow pParameters
in the vicinity of the dihedral angle, edge

, 1s analysed.
that variation of the shock wave

On the assumption
intensity in the diffraction region is
the authors then derive expressions for pressure on the sides
of the dihedral angle as well,

linear,

Some graphical results are included.
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Golovachev, Yu. P., and I, D. Popov,

Supersonic viscous gas flow around a

cooled blunt sphere. ZhPMTF, no. 5,
1972, 135-143,

Supersonic viscous gas flow around a blunt sphere is
analyzed on the basis of flow equations obt

Stokes equations ,

ained frozn complete
disregarding terms of order O(R-ré), O(R"
Reynolds number) over the entire shock layer,

Navier -

1) etc. (R -

The general forms of

these equations in spherical coordinates are der
Symmetric nonstationary case

are established,

ived for the axially

» and the necessary boundary conditions
New three-dimension

al variables are introduced and

the initial System of equations is writte

D in matrix form. This system

equations

is substituted by a system of difference
scheme,

» utilizing an implicit

Calculations were done for
by a perfect gas with specific heat
5
<
107 < Roo <107,

Supersonic flow around the Sphere
ratioy =
The temperature factor k w
0.14 - 0.7 and it was assumed that the coeff

1.4 and Reynolds numbers

as taken within the range

icient of dynamic viscosity
is a power function of time with exponent

In most of the calculations
= 0.7 were taken.

W= % and Prandtl number Poo
between flow characteristics are repr

Various relations

esented in graphical form,

C

alculated results weye compared with known solutions of

the complete Navier -Stokes equations

with the results obtained by the
layer
Comparison of the results shows that t

can be used for Reynolds numbers Roo 2> 102

theory of nonviscous flow and boundary

» as well as with experimental

he simplified flow equation

data.
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Rusanov, v, vy, Structure of the lransonic

region during jupersonic axisymmetrijc flow
IN: Sbornik. XIII

Mezhdunarodnyy kongress po teoreticheskoy

around blunt bodieﬁ;

1 prikladnoy mekhanike, 1972, Sbornik anno-
tatsiy, Moskva, Izd-vo Nauka, 1972, 94 -95
9RZhMekh, 1/73, no. 1B236) (Translation)

Moo of incident flow, Boundaries were found in the Plane of parameters M
q of regions, in each of which one of the four types of flows was realized,
which were different in behavior of sonic lines near the body surface, In
type II and III flows, the sonic line intersects the body surface at a certain

point, but in case of type IV and V flows it does not reach the surface and the

subsonic region extends to infinity,

Biberman, 1. M., S. va. Bronin and A, N.

Lagarkov. Radiative-convective heat transfer

in hypersonic heat flow around a blunt body,
MZhiG, no. 5, 1972, 112-123,

Hypersonic flow of air around a blunt body near its critical

point is analyzed, under the condition that gas parameters at the shock

layer is in a state of local thermodynamic equilibrium. Ablation of the

heat reflecting cover is not taken into account, A system of five gas
dynamic ¢quations, together with the radiation transfer €quation given in
integral form, were solved by iteraztion; the procedure as well as the methods
for increasing its convergence were described in detail earlier by the same
authors (Novosibirsk, 1969, Izd-vo Vychislitel'nobo Tsentrg ANSSSR, 1972).

Numerical solutions of the system made it possible to determine the value




of shock wave travel as well as the velocity, pressure and temperature

profiles of the convection and radiation flows in the vicinity of the critical
point,

On the basis of the study it was concluded that radiation

transfer does not change the pressure in a compressed layer, but substantially

decreases temperature and increases density, Approximate simple

relations for heat flow parameters in the vicinity of a critical point are

derived; some of these relations have the form of similarity laws,

pointed out that substantial difficulties arise whe

It is
n the heat conduction problem

is analyzed in points remote from critical ones, i.e, the system of gas

dynamics equation becomes more complicated. Nevertheless, the proposed

approximate theory of radiative transfer and other obtainedresults in this

article can be useful in solution of the more complicated case.

Bogdanov, P. A., A. V. Nedzvetskiy, A. V.
Klevetenko, P. S. Malyy, A. S. Kolodeznev,

N. I. Bushchuk, and F, 1. Shmeretskiy.
Evaluating the strength of rock massifs during;
large-scale blasting. IN: Sbornik. Gornorudnoye

proizvodstvo. Krivoy Rog, 1972, 51-53. (RZhMekh,
1/73, no. 1B655) (Translation)

Initial relationships are outlined for determining the

strength
of rock massifs during large-scale blasting.

The critical displacement

velocities are cited which were obtained during mining tests, and a relationship

18 found for determining particle displacement velocity of massifs as a

function of a given weight of explosives. The occurrence frequency of destructive

sound in rock massifs was noted to fluctuate during explosion.



Puchkov, S, v. Behavior of uniform seismic

resistance dam confipurations under the effect

of short-duration 5e1Smic loads. IN: Sbornik,

Voprosy mekhaniki, Tashkent, Izd-vo Fan,
no. 11, 1972, 59-63, (RZhMekh, 1/73, no.
1vV771), (Translation)

is investigated under the effect of short-duration Seismic loads,

are obtained for determining displacements in the dam body.

Repin, N. Ya., and A. V. Biryukov,

Calculating the degrec of rock crushing

from explosion of borehole charges. 1VUZ
Gorn, no. 10, 1972, 75-78.

Expressions

IFor rock explosions it is pointed out that in calculating the

diameter of an average [ragment using a weighted -mean formula, it is

necessary to establish experimentally the volume of fragments,

laborious, in addition to which the calculated results depend

on the number

of fragments. These difficulties can be climinated by determining the

relation between the weighted mean d and the arithmetic mean u of the

fragment diameter, The diameter of the fragment is considered as a

random variable, Based on the authors' previous findings esStablishin
P g g

that the diamecter of the rock fragment, as 3 random variable,

distribution, the following relationship is derived:

5

obeys a gamma




where M(u) is a mathematical expectation of fragrnent diameter and P

is a distribution parameter. For a large sample (150-200 measurements in the
studied case) the mean-arithmetic diameter of a fragment can be considered

as equal to the mathematical expectation of a diameter, i.e, y = M(u). It

is also shown that the relation between the diameter d  of the mean fragment

the diameter de of the mean jointing (polvhedral block) and the specific

expenditure q of explosives is given by

dom d,

Iy
LQUE)

a, qd; (2)

where H is the height of the base, £ is the break length and d_is charge

diameter. Comparison of actual and calculated values of the diameter of a

mean fragment indicates that their values deviate by not more than 15%.
From Eq. (2) the value 4 can be calculated, which ensures the prescribed

fragmentation degree for given parameters of the rock formation,

Mindeli, E. O., and A. S, Volokh. Calculating

blast wave parameters in rocks. IN: Sbornik.

Gornorudnoy proizvodstvo, Krivoy Rog, 1972,

136-139. (RZhMekh, 1/73, no. 1V653) (Translation)

Fundamental equations and methods of their transformation
for computers are outlined for determining energetic parameters of media .
during explosive loading. The suggested method is verified and the obtained

results are in gooq agreement with experiment.
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Balding'kiy, v, Lo, V. o, Fuksy, and

V. F. Barannikov, Impact destruction

of solid Mmaterials, IN: Sbornik. Nauka

i tekhn, v mis'k, gosped, no. 20, 1972,
35-42, (RZhMekh, 1/73, no. 1v638).

(Translation)

Various parameters are determined of an impact destruction

Process, i.e. initial velocity and impact force, deformation value of the

soil, and work and power of deformation, A method is suggested for

determining the main pParameters during interaction of a shock device with
a solid material,

Umanskiy, A, S. Transfer coefficients,

second virial coefficients, and enerpgy of

atom-atom intersctions of Zn, Cd and Hg
vapors. ZhFKh, no. 11, 1972, 2706-2709.

Dynamic viscosity n, coefficient of thermal conductivity A, and

second virial coefficient B of Hg, Zn, and Cq vapors were calculated in the

360-2,700° K, 350-2,630° K, and 410-3, 065°K ranges, respectively,

Standard formulas, including the Chapman--Enskog approximation, and the
paramecters ¢, 'my and & from the modified Buckingham intermolecular

potential (exp-6) were used in the calculations. The Parameters were

y by the author (TVT, v. 8,
and modified by introducing additional

determined from formulas established Previousl
no. 6, 1970, 1292) for inert gases,

terms which account for the effect of the valence electrons in the outer

unfilled shell of the group IIB elements, The calculated nand B data for

Hg, which are tabulated and plotted against T, effectively coincide with

data from the literature. The fact that the intermolecular Separation I
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Lebween Vae biyir e, obatie, cwhich wiag Cale wlated frorm the modified

15 1n satisfactory agreement with the
action energy in the

r formuly, minimum H-H inter-

triplet state was taken as an indirect proof of the
A, and B data thus calculated.
discussed of using Lennard-Jones (-6)

reliability of the n, The possibility is also

and (exp-exp) type potentials in

calculations of the Mmacroscopic properties of group IIB metal vapors.

Altunin, V. V. and M. A. Sakhabetdinov.

Avpplication of orthoponal expansions for

computer peneration of a unified equation

of state for Mmaterials, based on diversified

experimental data. TVT, no. 6, 1972,
1195 -1202.

The authors explain a statistical a

PpProach to formation of
a thermal cquation on the basis

of thermodynamic experimental data. In

the most general formulation the problem of constructing the thermal

equation reduces to estimation of

ke

the parameter A in the relation F(p, v, T, A) =

0 on the basis of processing of various experimental thermodynamic :

properties,

R R LAr

The authors propose two methods for solution:
least squares where regular polynomials are used,
orthogonal polynomials.

the method of
and the method of
The authors asscet that the method of orthogonal

polynomials is simpler than the least-squares method, since the rounding

errors are smaller; it economizes on computer time,

and is very simple b
for statistical analysis,

The authors analyze characteristics of thermal
equation formation using the method of orthogonal

polynomials for an
arbitrary set of experime

ntal thermodynamic points,

The ordered sequence

SN




orthogonalization Process to the set of ordered thcrmophysical Properties,
This formed the basis for compiling g Program for approximation of
various surfaces by orthogonal Polynomials, which Wwas realized a3s 3
routine for BESM -4 computer. A generalization of the method of
orthogonal pPolynomials to Processing of diversified €Xperimental data

under certain thermodynamic constraints is made,

Koshelev, E, A, and Ye. N. Sher, Bubble
formation from surface explosions in water.
FGiV, no. 3, 1972, 433-439,

A mathematical model and experimental results op the motion
of a liquid caused by an explosive charge blast on the free surface of a
liquid are presented. The parameters describing the motion of the liquid
are: E- explosion energy; P - uqu. dens.ty; g- gravitational constant;
P- almospheric Pressure; R, 0 - coordinates of the liquid surface; and t-
time. The mathematial mode] of motion of the free surface of a liquid is

given in the form

RIR'=[ (1/t', q). (1)

where R' and (! are Particular functions of E, 0, g given both for clongated
and concentrated charges. The form of Eq. (1) is determined experimentally
for ¢ = 45° jng for explosions of various Magnitudes, with emphasis on the
elongated charges. Four characteristic film exposures of the elongated Lype

explosions in water are presented, Test results are Presented in Fig, 1.

-3 -




BT

Fig. 1. Results from elongated charges,
l- data from pick-u

pPs; 2- data from film
exposures,

The fact that 3 curve can be

fitted to the data Points confirms the Premise

rface liquid generated by the extended
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circular plate from an underwater explo

Siya. Leningradskiy
Novgorod, part 1, 1971, 99-106.

Tesner, P, A,, B, I. Shrayer,

V. G. Knorre, M, A, Glikin.
Effect of explosive breakdown co

nditions in acetylene on the
Properties of the resultant carbon black. IN: Sb. Goreniye i

vazryv, Moskva, Izd-vo Nauka, 1972, 725-728. (RZhKh, 9/73,
no. 9BIlI25)

Veres, L. ¥,

Explosive cladding. UFN, v. 109, no. 4, 1973,
786-787.

Vodyanik, Yu. ., L. v, Dubnov, and N. D, Mauring.

A friction
- iction
mechanism for detonating explosives,

IN: Sb, Goreniye i VZryv,

Moslkva, Izd-vo Nauka, 1972, 511-514, (RZhMekh, 4/73, no. 4B211)

Voskoboynikov, 1. M, Decomposition of hexogene in 3 detonation_

wave. IN: ibid., 447-450. (RZhKh, 9/73, no. 9B1153)
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Rakhimova, I, Sh. Relationship betwe_gi

the main crusta] interfaces in the Ukraine,
AN UkrRSR. Dopovidi, Seriya B, Heolohiya,
heofizyka, khimiya ta biolohiya, no. 2, 1973,
157-160,

The correlation is investigated between: the depths of the

Moho discontinuity () and the crystaliine basement (21); the Moho dis continuity

and the Conrad discontinuity (21 + 12 or £ 2)i the Conrad discontinuity and the

crystalline basement; and the thicknesses of the crust and basaltic layer (£3).

The data analyzed were obtained from the following DSS profiles: Kiyey -

Gomel (1); Shepetovka - Chernigov (2); Yagotin - Baturin (3); Piryatin -

Talalayevka (4); Tsarichanky - Bogodukhov (5); Shevchenkovo - Bliznetsy (6);

Nogaysk - Svatovo (7Ta - faults, 7b - center of the Dnepr - Donets depression);

Beregovo - Vishnevets (8a - Volynya - Podol'sk plate, 8b - Cis-Carpathian

foredeep, 8¢ - Eastern Carpathians). DSs data on the Ukrainian crystalline

shield were obtained along profiles: Shepetovka - Chernigov A 3 Novoalekseyevka

Shevchenkovo (6"; Dnepropetrovsk - Kirovograd (9); Novonikolayevka -

Taganrog (9".

The regression €quations are given in the form:

Y==xg Ebily N4 1, - G+ by, where =123 I = b li+ 4,1

Parameters calculated from the regression equation and r.are given in
Table 1,

Ukrainian shield ang afterward begins decreasing. Thus, the smallest depth

to the Moho discontinuity corresponds to the greatest thickness of the

sedimentary layer. The three groups defined are characterized by differing

ranges of 21 and Z variatiou, zlmax’ and Z;min (see Table 2y,
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e 3 g o o - "

Sl . odl

B A el L L

Profi]e‘ Ay KM | Ay, Ky 'd.. X ,
number_____. == _,'
I 139,046,571 25,5
2 (39,050,020
4 147,51 — [940
7" 146,0 [ 54,5 | 300
8 143,5119,5| 2,0
3 49,5 1 59,0 | 35,0
53 143,0 (51,5 35,0
5% 147,51 69 5
6% 142,5]47,5  13,5
6** | 52,5 | 51,0 | 38,0
7% 1325 110 24,0
8° | 46,0 |20 5 15,0
8¢ 47,0 52,0 69,5 |
2 L 4,0] 14,5 |
6 * | 46,5) 34,0
6% — | a7
9 - | — s
9’ — |=37,0! 15,0

Note: 5¢ and 5b

40,0 | 23,0 |—0,47

g m.l [/

Group 1
1,5 —1, 15/ 0, 64 0,53
14,0 |—1, 10 -0,87/ 0,53
19,5 —1,60] — 0,83
17,5 —1,68/—0, 61 0,56

22,5 |~1,42] 1,00 1,00

Group 11
16,5 —0,55/—0, 58! 0,44
18,0 (—0,37/—0,45 0,33
—0,97! 0,51
15,5 —0,38/—0,37 0,32
5 [—0,51{—0,26 0,38

Group II1

Ukiainian Shield
- =5 1,90} 1,32

- — —0,37] 0,41
- — — 10,38
= — 0,94

— - | 4,10/ 1,18

0,18 0,86 ) 0,58 0,90 ) 0,40
0,56/ 0,86 | 0,77 0,951 0,46
0,26/ 0,80 | — 0,95 | 0,38
1,20, 0,97 | 0,50 0,90 | 0,76
—0,46; 0,81 | 0,62 0,80} 0,42

(=]
et}
fop)

0,84 10,76 ] 0,94 | o

0,85 10,89 | 0,87 0,

0,9 | 0,92 | 0,98 | o
0
0

Y-

oo o
oo
B & ho

0,88 { 0,71 | 0,87
0,82 0,30 | 0,73

500,74 | 1,10 1,28/ 0,69 | 0,85 0,891 0,6t { 0,98
5 1,50 | 3,00 | 1,36] 0,49 0,90 0,90 | 0,98 | 0,97
5/ 0,84 | 0,26 |—0,33 3,0310,99 0,94 [ 0,9 | 0.97

— | — 10,92]0,78] —
— | - |0730,87| —
— | — | — o050 —
- | = | — losgs| —
— | = |os8]o00]| —

represent the southern ang northern parts

profile, separated by a deep-seateq fault,
*  Data according to Sollogub, 1967,

sle sy
PAPRY

Group J L
1 l 0,5-=7,5
11 0,5=12,5
M1 5,0=~17,0

Datg according to Pavlenkova and Smelyanskaya, 1971

Table 2
, X, xu Iy max, ku Zmin. xu
L N [
|
33,547,5 4,0-=7,5 33,5--37,0
40,0-=52, 5 8,5+12,5 40,0-~45,5
39,0--67,0 15,0=17,0 39,0<-57,0




Coinc thie banan of 1,

rtorreiation revegled hetween 21 and Z,

sized to bhe g boundary betwec
m.

the Moho discontinuity js hypothe

n rocks of
differcnt phases of metamorphis

Peshkov, A, B., and F. Sadikov. Some

characteristic features on the study of the

phase-dispersion velocities of surface waves

in individual regions of southeastern Central
Asia,

Uzbekskiy geologicheskiy zhurnal, no.
1, 1973, 82-86,

Love-and Rayleigh-wave dispersion data for Central Asia

d in terms of shear velocity under the
anisotropy in the crust,

are interprete assumption of elastic

Surface-wave data for Central Asia are compared
with those for Japan and the Canadian shield.

Observed Love- ang Rayleigh-wave dispersion curves are shown
in Figure la. On the basis of the difference

s between observed Love-wave

Rayleigh-wave data (see Fig. 1 b), it is assumed that the crust is characterized
by elastic anisotropy. SH-
2.32 km/sec,

introduced).

and SV-wave velocities are found to be 3.85 and

respectively (after corrections of 0.03 and 0. 15 km/sec were

It is pointed out that differenti
Asia, with intermediate tectonic activity,
with hig

al dispersion curves for Central

lies between the curves for Japan
h tectonic activity and the Canadia
(see Fig. 1d). dependence between the phase
velocities of Rayleigh-w

aves at A = 110 km and Bouguer anomalies (see Fig. lc).
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Bulashevich, Yu. P., V. N. Bashorin,
V. S. Druzhinin, and V. M. Rybalka.

Helium in the ground water along the

L Gl e o i

j Sverdlovsk deep seismic sounding profiles.
! IN: AN SSSR. Doklady, v. 208, no. 4,
1973, 825-828.

The results of g survey for helium conducted along the

Sverdlovsk DSS profile arc presented for

‘he purpose of ‘evaluating the
based on the helium content
Sampling of ground water was
Stations at depths of 50 to 120 m, The helium content was determined using
PTI-6 mass Spectrometers (helium leak detector).

possibility of detecting deep-seated faults

in ground water. pPerformed at well pumping

The variation of helium content and th

e seismic section along
the Sverdlovsk profile are shown in Figure 1.

The helium content varies
pronouncedly along the profile, with anomalous values r

vol. %. All helium anomalies

3

L e O

eaching 30-50x10"

» €xcept the one observed near Kamyshlov, are
confined to 22 out of 26 seismically identified deep-seated faults.
anomalies (> 10x10 >

vol. %) were observed at 17 deep faults,
A very large anomaly of 0.19 vol,
deep-seated fault cast of Shatravo,

Large
and smaller
ones at 5 faults. % was observed at the

which is accompanied by ultrabasic

Soah i o s s o o bl T o

intrusions. It is concluded that the helium Survey yielded valuable information

2
on the identification of crustal disjunctive dislocations. .

S e D R
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Oblogina, T. I., V. B, Piyp, and L. A,

Yudasin. Heterogeneous media with harmonic

fields of the Propogation velocity of seismic
waves,

IN: AN SSSR. Izvestiya. Fizika Zemli,
no. 3, 1973, 101-108.

Conformal transformation is considered for heterogeneous
media with velocity function v(x, y) for which the ch

aracteristics ln v(x, y)
is a harmonic function.

A method is proposed for the solution of kinematic

problems based on the use of developed transformation, The problem of the

It is shown that the wave

2 2
€quation of the class of heterogencous media, (;ar;) + (g-t;) = m‘, can
be transformed into the Wave equation of homogeneous media with a velocity

2 \2
equal to unity of magnitude (—‘?—t—) + (_g’y..

recovery of the velocity function is considered,

= il Furthermore, it is shown

ox1

that using this transformation, the solutions for point source problems

developed for homogeneous media can be extended to the class of heterogeneous
media considered.

An example is given of the graphical and analytical dete-

rmination of the travel times of reflected and refracted waves in a two layered

medium with a horizontal interface and v(x, y) = Vo el BY.

The problem of the Feécovery of the velocity field for the

considered class of media is set as the solution of 62 + aZU I
7 = l)'
ax ay
[U

= In v(x, y) ] in halfspace y > 0 for boundary condit

ion U (x, y)‘y . T f(x),
where f(x) =

In v(x, 0) is a known function, by the method of re
An example of the recover

wal oo
1.49e%17[y+0.57.x] 5

gularization,

y of the velocity field is given for a case where v =

oraparison of the recovered and original
velocity field showed that they agree w:

interval (5%

(error ~159%),

211 in the central Part of the considered
error) and not so well in the boundary parts of the interval




Vasil'yev, S, A. Some problems in the

theory of the continuaiion of a wave field

toward the source, IN: AN SSSR, Izvestiya.
Fizika Zemli, no. 3, 1973, 35-47,

Theoretical possibilities for the Sourceward continuation

of puised and monochromatic wave fields are considered. For this purpose,
the surface integral of the Kirchhoff formula Was modified, and the Properties
of the modifications are analyzed., A criterion for the applicability of the
algorithm derived to the sourceward continuation of a wave field is defined,
The existence of 3 hon-empty -egion where the modifications are applicable
is proven. The errors in the continuation of wave field are analyzed, and the
region where the algorithm is applicable to the Sourc¢ward continuation of

pulsed and monochromatic fields is defined.

Gil'bershteyn, P. G., and g, V. Gubanova,

Quasisliding of compressional waves in the

case of a concave refracting interface. IN:
AN SSSR. Izvestiya, Fizika Zemli, no. 3,
1973, 48-64,

The results of an ultrasonic model study of the effect of
refracting-surface curvature on the characteristics of the compressional
waves confined to it are described. The two-dimensional mode] used was
made of duraluminum sheet (6 = 2mm), with the refracting interface consisting
of plane (R/A— ) and concave (1.8 S R/A < 19.1) sections. Both the source
and receiver of ultrasonic waves were set directly on the refracting interface.
A comparative analysis of rthe experimentsa] amplitude graph for P2 sl (sliding
wave) and theoretical amplitude curve for P121 (head wave) demonstrated

the validity of the Source-receiver set up.
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The principal results of the experiments are:
ction and the concave section (with 27 R /X > 10)
interface, sliding wave PZsl (P
scction

Both on the

of the refracting
1251) is observed; however,
» it undergoes an anomalous velocity dispersion and

planc se

on the concave

velocity drop across it. For
» its velocity decreases by 3 - 8 g, (Vy P/VZP;B 0.9),
1P/VZP ~ 0.54) and 289, (Vlp /VZ ~ 0.38). Additional attenuation

example, at R/\ = 2
20-22% (v

magnitude, and at R/\ < 15 represents the major portio

atltenuation. It has an €xponential relationship to the le

ngth of the concave
section of the interface,

The coefficient of additional attenuation decreases

monotonically with R /A,

The Quasisliding wave generates a head wave in the overlaying

medium which is glso characterized by velocity dispersion and additional
attenuation due to the curvaturc of the interface.
additional attenuation of the head wave offsets and

resulting in a decrease in head

Analysis has shown that the

exceeds the focusing effect,
“Wwave amplitude.
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Ryabinin, Yvu,. N. A possible mechanism

for the origin of deep earthquakes. IN:
AN SSSR. Doklady, v, 208, no. 4, 1973,
822-824,

A model of the focal mechanism of deep earthquakes is

hypothesized, ang the energy that could be released at the focus of an
earthquake is estimated.

It was proposed that deep carthquakes originate as a result of

rapid mechanical twinning of Crystal in the substance of the earth's interior,

The energy released at the moment of the first sudden deformation (accompanied
by the main elastic shock) is citimated to be 106 erg/cm3. Consequently
the energy that can be released at the focus of an earthquake with a focal

volume of 100 km3 is 1023 ergs. Such a focus would produce 3 quadrantal

radiation pattern,

—

¥ & mm
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Kuzin, I, P, Velocities of elastic waves in

the Kamchatka focal zone. AN SSSR. Izvestiya.
Fizika Zemli, no. 12, 1972, 25-29,

A method for the determination of velocity distribution within
the mantle is developed using data on the anomalies (station discrepancies)
°f the travel times of P-and S-waves from earthquakes. Dats on 128
ctarthquakes with K = 9-13, &A= 50-350 km and h = 0-176 km were used, as
observed at the Shipunskiy Seismographic station located within the Kamchatka
focal zone. The AtP and ALS anomalies were determined using the Kamchatka
time-tables calculated for a homogenous th: ee-layered crust and two-layered

mantle models,

The distributions of Atp and Ats over the axial plane of the
focal zone are shown in Figure 1. The inferred distribution of VP and VS are
shown in Figure 2. The inferred velocity distributions are characterized by
a high-velocily Z0ne occurring beneath Kronotskiy Bay within the 30-80 km
depth range. The maximum values observed in this zone are VP = 6.6 km/sec

and VS = 4.5 km/sec,

The velocities observed within the 30-80 km depth range
beneath Kronotskiy Peninsuly and the southern pPart of Kamchatka Bay are
very close to the velocities of the accepted mantle model (VP = 7.8 km/sec,
VS = 4.5 km/sec). The minimum velocity values of VP = 7.4 ¥m/sec and

VS = 4.4 km/sec are observed at a depth of 30 km.

The inferred velocity models were checked by comparing the
travel times of P- and S-waves observed at the Shipunskiy station with those

calculated for the inferred velocity models. 1t was found that the differences

do not exceed + 0.2-0.3 sec.
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Fig. 1. Distribution of Atp (a) and Ats (b)
over the Axial Plane of the Focal Zone

.

Dois represent gravity centers for carthquake.
groups, Lines 1l thru 5 - seismic rays; Location
of the axial plane is shown in the inset map.
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Fig. 2. Distribution of VP (2) and VS (b) over
the Focal Zone.

1- VP < 7.5 km/sec; 2- VP = 7.5-8.0 km/sec,
VS <4.5 km/sec, 3- VP = 8.0-8.5 km/sec,

Vg =4.5-4,8 km/sec; 4- VS = 4.8-5.1 km/sec;
5- VP > 8.5 km/sec, VS > 5.1 km/sec.

The effect of the homogeneous layered mantle on the results
was evaluated. It was found that the seismic rays plotted for a gradient mantle

are very close to those for a homogeneous layered mantle.




The effeet of possinble crror in the determination of the focal
coordinates of earthquakes is cvaluated. The inferred velocity models are

found to be reas onably stable with respect to these errors.

Fomenko, K. Ye, Decp structure of the peri-

Caspian depression, based on geological and

geophysicai data. IN: Moskovskoye obshchestve
ispytateley prirody. Byulleten',
v. 47, no. 5, 1972, 103 -111.

Otdel geologii,

The results of deep crustal studies i

n the peri-Caspian
depression are Summarized,

Maps of the basement surface and the Moho
discontinuity relief have been compiled using seismic

(CMRW and DSS method),
gravity, and magnetic data,

The basement of the peri-Caspian depression does not have
the same characteristics over the entire depression,

In the marginal areas
of the depression, it is characterized b

Yy seismic waves with Vr = 6.5 km/sec.

he basement surface gradua
toward the central part of the depression, reachi

that the "granitic!

The refractor velocity of waves from ¢t lly increases

ng 7.2 km/sec. It appears

layer gradually thins out, and in the central part of the

the sedimentary layer is underlain directly by the
In the marginal parts of the depression,
intersected by peripheral faults,

of the depression, whereas the "
2))k

depression, "basaltic" layer.

the basement surface (Vr = 6.5 km/sec),
descends step-wise towards the central part

basaltic' layer surface rises (see Figs. 1 and
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Fig. 1. Seismic Section along CMRW -Dss Profile
CX (see Fig. 3below),

I - Yalt domes:; 2- Precambrian crystalline basement
surface; 3- "basaltic" layer surface; 4- Moho dis-

continuity,
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Fig. 2. Seismic Section along CMRW -DSs Profile
CII (see Fig. 3 below).

(Note: Designations the same as in Fig, 1),

The Moho discontinuity (studied along the DSS profiles shown
in Figure 3) rises from the marginal parts towards the central part of the
depression, i,e. » from 36 to 27 km (profile CII, Fig. 1) and from 40 to 22 km
(profile CXI Fig. 23]

In the marginal parts of the depression, the Moho discontinuity
occurs at depths of 36-38 km (Fig. 3). Two local uplifts of the Moho
discontinuity, with minimum depths of 22 ang 29 km, are evident in the
castern and western part of the depression, respectively. They are separated
by a relative downwarp, coinciding approximately with the Ural river., The

uplifts coincide with gravity maxima.
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Saratov .

Fig. 3. Map of the Moho Discontinuity in the
Peri-Caspian Depression.

1 - Contour lines of the Moho discontinuity;
2- regional CMKW -DSS profiles,

Thus, the crust in the peri-Caspian depression differs sharply

from the crust in the adjacent regions. It is characterized by a ""granitic"

layer which thins out in the central part of the depression and a "basaltic!

layer whose thickness varies from 20 km, in the marginal parts, to 5-7 km

in the central part of the depression. Minimum thickness of the "basaltic!

layer coincides with the minimum crustal thickness.
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Abdulin, A, A, » vial. Deep crustal structure of Mugodzhary, based
on seismic data. IN: AN SSSR, et al. Glubinnoye Seysmicheskoye
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4. Particle Beams

A. Abstracts

Grishayev, 1. A., and A. M. Shenderovich,

Acceleration by chopping of an intensive

electron beam. ZhTF, no, 11, 1972, 2409-2412,

A theoretical and experimental study is presented of the

accelerating electric field generated by chopping of an intensive electron

beam transiting through various resonance systems,

Shock excitation is
analyzed of

systems consisting of a cylindrical resonator,
oscillatory circuit, and a long linear pulse shaper,.

three systems analyzed a high potential vorticity fiel
during the first half period of oscillation
Particles,

a parallel

1t is shown that in al]

d is generated which

» can be used to accelerate charged

re cited. Braking fields generated

pulse shaper, an electron gun,

a capacitor with choke coils ang a shorting discharger. The oscillatory

circuit was a Capacitive impedance coupling
peaked in 3usec and decayed in 0,1 MSec,
oscillatory circuit voltage show a sharp p

period. The amplitude of the second acce
three times hig

. The electron beam intensity
Oscilloscope traces of the

eak at the end of the first half-
lerating period was ~20 kv, or

oltage during the fi~st half-
Waveforms of the pulsed current and oscillatory

her than the decelerating v
Period. voltage are included.

A related patent disclosure b

y Grishayev et al was covered
in an earlier report (March 1973, p. 131),
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Zaydin, D. G., and V. K. Karpasyuk,

Combining radial and phase stability

in an Alvarez linear accelerator, ZhTF,
no. 11, 1972, 2427-2429.

It was previously established by Vlasov (Teoriya lineynykh
uskoriteley Atomizdat, Moskva, 1965) that Separate radial and phase
stabilities of particle motion in linear accelerators without any special

focusing device are possible, at a constant synchronous phase in the

acceleration process, and that a sufficiently rapid growth of accelerating

wave amplitude can be achieved along the accelerator. The present work
concerns the theoretical analysis and modelling of combined particle

motion processes in a low energy Alvarez linear accelerator, without any
additional focusing device. A system of linear equations is developed for
phase and radial motion in an axisymmetrical wave using Newton's equation
Plus a number of honstandard assumptions; modelling was done by computer,
It is shown that in a comparatively low energy range, there exists a region,
sufficiently wide for Practical purposes, of combined radial and phase
stability. This assumes the usual axisymenetrical structure with drift

tubes at constant synchronous phase along the accelerator, and that the
amplitude of the accelerating wave increases along the accelerator. Combined
radial and phase stability does not occur unless these conditions are met,
€.g., in the case of constant accelerating wave amplitude, either the radial or

the phase motion becomes instable,




Rudakov, L. I. Electron beam drag in 3

plasma with a high level c¢; Langmuir E
turbulence. DAN SSSR, v. 207, no. 4,
1972, 821-823,

The author discusses the possible existence of a new
turbulent state, which can arise and be sustained owing to beam instability

under the condition of beam excited oscillations for which

w/ (nT) > ﬂ?r“’, (1) ] ?

where Ak = spectrum width, Iy = VTe/ P, VTé = (2T.e /m)%, and w -
turbulent energy density in the plasma. At the above condition, energy o
bunching of Langmuir oscillations occurs, as a result of which coupled
Stages, qualitatively different from traveling waves, are formed in the
Plasma. Equations are obtained for Langmuir oscillations (solitons)
localized 1n Space, and an expression is derived for soliton energy. An
analysis is given of the interaction between solitons and charged particles,
in which the energy yielded by the beam is transferred to solitons and
thermal energy of plasma electrons. Part of the beam energy is also
transferred to ions because of their resonance interaction with the electric
potential of the solitons; as a result, the solitons attenuate. It is shown
that an electron beam can excite and maintain strong Langmuir turbulence
with a medium cnergy density (VTe /u)2 <w/(nT) <1, representing a set

of solitons. The author emphasizes that it is necessary to take into
account this effect of interaction between solitons and charged particles

when investigating an initial arbitrary excitation in plasma. P .
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Koba, V. V., and I. A. Sakharova. Method

of measuring tungsten electrode working edge

temperatures in a high current discharge. IN:

Sbornik. Tezisy dokladov V Vsesoyuznoy
konferentsii po generatoram nizkotemperaturnoy
plazmy, Novosibirsk, v. 2, 1972, 36-39,
(RZhMekh, 12/72, no. 12B101) (T ranslation)

Cathode temperatures of type DKsR5000 and DKsR10000
spherical xenon tubes were measured as functions of discharge current.
Cathode surface temperature was determined from photodiode sensing of
the heated cathode, following preliminary calibration against tungsten
emission. Measurement error in the 2000°-3000° K range was 7--107%.
In addition to temperature and discharge current, the electrode voltage
was recorded, together with internal pressure and thermal flux in the

anode and cathode.

Akhiyezer, I. A., and V. T. Lazurik-El'tsufin,
Dynamic cffect from passage of charpged particles
beams in solids. ZhETF, v. 62, no. 5, 1972,
1776 -1779.

Dynamic loads are generated from the passage of a high-velocity charged
particles beam through matter, which excite elastic vibrations in the body.
The character of these loads and their dependence on beam and target
Parameters are investigated in the article. Under the as sumption that

the beam energy is not too high, the longitudinal load (with respect to the
incident beam) is determined in cases pertaining to electron (positron) and

proton cylindrical beams. Rigorous formulas for two limiting cases are
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derived: for a thin plate ‘h

= d/8) in which the beam passing through is
affected very little (6 << 1, AEt << Eo) and a thick plate (h>>1),
the beam is completely absorbed.

in' which
In these expressions d = beam diameter,

® = mean-square of the Scattering angle, AEt = total energy loses of beam

particles in the plate, Eo is initial energy, £ = length of free path of

particles, and h = plate thickness. It is shown that in the range of moderate

energies, loads increase linearly with the growth of energy. At large

positron) beams do not depend
On energy and in the case of 5 proton beam the loads decrease with the

increase of energy. Numerical calculations were carrie
copper and lead plates with h = 0.01 cm.

on beam energy for these plates is

energies, the loads in the casc of electron (

d out for aluminum,
The dependence of dynamic loads
presented graphically. An experimental

d, by measuring the amplitude of
sound waves excited by a particle beam.

verification of the theory is propose

Kozlov, N. P., A. A. Lyapin, and V. 1.
Khvesyuk, Method of calculating the cathode

region (field emission regime). IN: Shornik,

Tezisy dokladov V Vsesoyuznoy konferentsij
PO generatoram nizkotemperaturnoy plazmy,
Novosibirsk, v. 3, 1272, 12-14, (RZhMekh,
12/72, no. 12B99),

An approximate method is suggested for calculating cathode
region parameters (cathode drop, electr

concentrations

on current fraction, neutral

» etc) as functions of thermophysical characteristics of the

cathode material and the excitation Cross-section values of cathode atoms

The authors use a previously obtained solution to
a system of cathode equations supplemented w

at a metastable level.

ith a thermal conductivity
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cHuLtion aned relationship orrelating the jon current density with the
heutral concentrations and the cathode gas ionization level, The cathode
material vaporization Process is allowed for, based on the Langmuir law,

Calculations were made of mercury cathode current at a single cathode spot

with a lifetime of 10.7 Sec. The results are in good agreement with

eXperimental datg.

Grishayev, 1. A., G. D. Kramskoy, A, 1.

Zukov, and G, L. Fursov, Interaction of

a beam with lateral waves in periodic

Structures of heavy-current linear electron

accelerators. IN: Tr, 2-go vses soveshch

Po uskoritelyam zaryazhen. chastits, 1970,
v, 2, Moskva, nauka, 1972, 72-78. (RZh
Elektr, 1/73, no. 1A278)(Translation)

structures of a linear accelerator, Relationships were investigated of

critical current, amplitude and frequency of beam-guided signals in EH

Waveguide axis, the Waveguide Q in the EH11 mode, the linear focussing

magnetic field of the solenoid, the diameter of the beam injected in accelerator

and the waveguide termingl matching equipment, It was found that valyes

of initial displacement (constant in time) and angle of incidence of the beam

TR
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Golovin, V. N., V. N. Podshivalov, N. P.
Sobenin, and E. Ya. Shkol'nikov, Calculating

waveguide clusters with extreme requirements

for beam characteristics of heavy-current

linear electron accelerators. IN: Tr. 2-go

vses soveshch. po uskoritelyam zaryazhn,
chastits, 1970. v. 2. Moskva, nauka, 1972, '
68-70. (RZhElektr, 1/73, no. 1A276).

(Translation)

Waveguide clusters without additional equipment for initial
bunch formation are simple in assembly and adjustment. Calculation of
such clusters with a high capture coefficient and phase-energetic distribution
presents a considerable difficulty. The problem is still more complicated,
if the cluster is intended for heavy-current beam formation, because problems
of load current and space charge is intensive phase motion have not been |

adequately treated. A method is discussed of calculating the cited problem

e

in connection with the designing of waveguide clusters for heavy-current
accelerators. An extremal calculating method of linear dynamics is

analysed taking into account load current and space charge.

Pasynok, A. 1., N. S. Repalov and N, A.
Khizhnyak. On the parametric inst .bility

theory of 2 confined electron beam. ZhTF,
no. 12, 1972, 2452-2457.

The work considers electromagnetic waves in a modulated

electron beam, confined in a metallic waveguide. It is shown that such a

scheme is unstable in relation to extended axial modes. Dispersion equations
were obtained and analysed for various limiting conditions. It was found

that in a beam of limited radius the resonance condition is a function of signal

-81 -




Db bkl B e B

e TE e TR A -
B O Bl © gl hmadie by M i L hoand Ao G
i S e . L e 7

——

frequency, which results in a limitation in the amplified frequency band at

fixed beam parameters and modulating fields. The instability increment

depends on frequency in the region @ < & » and tends to zero as w =y (,

Tkach, Yu. V., va. B. Faynberg, I. I,

Magda, Ye. A. Lemberg, and N. P,

Gadetskiy., Stimulated emission from the

interaction of heavy-current relativistic beam
with plasma, UFZh, no. 1, 1973, 44-46.

by heavy current interaction with pt

asma (cf. Jan. 1973 Report, p. 79). In
the present article

» results are described on lasing from a plasma-beam

discharge using a heavy-current relativistic beam. The experimental

sketch is given in Fig. 1. An electron beam at 30 ka and energy of 0.7 Mev

Fig. 1. Beam-plasma experiment

1 - Coaxial double pulsc shapin
2~ water discharger; 3
geaerator (500 kv); 5-

g line,water dielectric;
- coaxial transformer; 4- pulse
vacuum diode chamber:

, 20-50 M; 7- interaction

am, diameter = 14 cm); 8- quartz
mator and photomultiplier;

6 - aluminum foil anode
chamber (length = 270
window; 9- monochro
10- oscillograph.
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at 30 nsec was formed by a cylindrical double line, which was charged from
a Marx bank and designed for an output voltage of 5x105 V.

i s e

A needle-form

Or encrusted cathode was used as an electron source, connected to the pulse

shaping line through a coaxial transformer. Beam current density reached

6 ka/cmz. Waveforms of beam current and vacuum diode catho

de voltage
are shown in Fig, 2.

The working gas used was molecular nitrogen,

b

a

I

i

.|.'_'[.'I.-.Il

otz

i

Fig. 2. a) oscillogram of cathode voltage Fig. 3.
(calibration signal 10 MHz) b) oscillogram

of beam current ( calibration signal 100
MHz).

emission waveform at
A = 3371 A (one division = 10 nsec).

because of its comparatively high upper level lifetime (

40 nsec) and high
gain in C31Ti

-B n’g conversion inherent in the second positive N2 system.

Superradiance was obtained at

33714, band 00 (Fig. 3); and 3577 A band

wavelengths of 3195 A, band 1—0;

0 —1. The pressure range in
which the emission was recorded was within 10-1

=3 torr limits; maximum
and gradually decreased with change

Radiation dispersion did not exceed 2°,
Measurements also showed that the relationships of X-ray and r

radiation corresponded to 1.0 torr,

of pressure from this level,

-f emission

intensities as functions of pressure were cnalogous to that of sti

mulated
emission,

Power levels for all three types was found to reach 105 w in
1.5x10-8 sec.

An estimation is made of high-frequency oscillation increment
time and is compared with pumped level lifetime,

The instability increment

6 was determined to be 10" /sec for beam density = lolocm -3. The characteristic

heating time of the plasma electron component was 10—{3--10_‘9

sec, which makes

generation in self-restricted transitions fully possible.




Muafel', v B, and v, A. Skubko. Methods

of phasing accelerating sections in a linear

electron accelerator., Author's certificate,
USSR, no. 352611, published June 17, 1970.
(Otkr izbr, 4/73, p. 164).

For improved
Periodically admitted into the
phasing section. The accelerating voltage is detected at the output, and pulse

differential amplitude is used to regulate the phase of the section,

Fakhrutdinov, E, N, Pulse ga s-cischarge

gun with a high specific electron beam power,

IN: Trudy Tomsk, in-ta. radioelektron, ;
elektron. tekhn, no. 7, 1972, 30-33, (RZhElektr,
1/73, no. 1A297) (Translation)

in modified Penning tube anode, High pressure electrons, extracted from
the pulsed gas discharge, initiate a supplementary discharge, which
significantly increases the output current. Use of a probe System in electron
extraction and electrostatic focusing in the accelerating gap yields beams
with a high power concentration. The specific beam Power achieved is

sufficient for dimensional rocessing of solids and refractor materials.
P g




Pedenko, N, S., Ye. 1, Lutsenko, and

Ya. B. Faynberg. Heavy-current accelerator

with a plasma cathode. IN: Fiz. plazmy i

probl. upravl. termoyader. sintezg. Resp.
mezhved. sb., no. 3, 1972, 30-33, (RZhF,
12/72, no. 12A418)

A variant of a linear Plasma betatron is described designed
for high voltage operation, Intense electron beams are obtained with
currents=5 ka at 100 kv or 2 ka at 200 kv. Beam electrons are drawn

from an increased Plasma concentration region in the plasma cathode.

Zhukov, M. F., A, S. An'shakov, G. H. B,

Dandaron, and M. 1. Sazonov, Investigating

tunpgsten cathode erosion in nitrogen. IN:

Fiz. dugovogo razryada. Novosibirsk, 1972,
142-151. (RZhF, 12/72, no. 12G16 7).

Characteristics of tungsten cathode erosion in nitrogen were
investigated, using a high-power plasmatron With an arc current in the 100-
1000 a range, Relationships were determined for thermal flux and current
density in cathode, and specific cathode erosion, as functions of arc current.

It was found that current density was Practically independent of arc current,

2
attaining 1, 5x104 a/em” in argon. It is noted that in nitrogen, cathode melting

cannot be prevented, whilc in an argon discharge a melt-free mode is possible
by using a thoriated tungsten cathode. Stable nonmelting operating conditions
of the cathode in nitrogen or other media is possible only by using activated
W with a work function < 2,5 ey, Specific erosion for a thoriated tungsten
cathode in a wide range of arc currents in Ar, N2 and H2 lies within limits

of (1-10)x10 ~? g/al/sec.




Kozlov, N, P., and vn. S, Protasov.
Radiation Properties of a dense plasma

focus. TVT, no. 6, 1972, 1319-13 29.

3 Radiation properties of a dease plasma focus Were investigated
!

' in accelerators with coaxial and end-type accelerating electrodes. Discharge
was generated by a 600 uf condenser bank, which supplied 340 ka at an initial
voltage U_=5kv. Teflon plus the erosion products of the Cu electrode

were used as the working medium. The Plasma focus was formed at Uo >

2 kv, at the moment of maximum discharge current, and lasted for 12 KLsec

' of the first half-cycle (~23 usec). Plasmg Spectra were measured by a quartz
' Spectrograph in the 2000-6000 A range. The electron temperature a5 g3

fuaction of FII line intensities was ~ 3.5 ev. The temperature time

] dependence based on line spectra self-reversal was investigated using a

Standard source. Results show that the temperature at the moment of

maximum compression in the focus zone was ~5 ev. A bismuth bolometer

Was used to register radiant eénergy. The relation of luminescent energy

to that stored in the condenser battery decreased with a rise of Uo’ pProbably

owing to a sharp increase of reabsorption in the focus zone,

radiation measurements are given in Table 1; the relative me

Results of the

; asurement error
was 5-7‘70.
TABLE 1
Condenser Radiation energy, joules
energy, — -
! Joules Accelerators !
Coaxial Coaxial, bolometer End-type
; inside the electrode
t
300 24 | 21 32
;‘- 1200 51 ,' 62 70
2200 73 I 85 190
|
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In regions above 2000 A, the mcasured radiation energy
increased by 10-15%. When a fluorite filter,
below 1180 f\, was placed in front of the bolom
was ~45% of the total.

transparent to wavelengths
eter, the radiation energy

The metallic plasma radiation energy increased by
40-50 % compared to fluorocarbon plasma.

Fig. 1 plots the radiation power
at different Uo

as a function of time, and Fig. 2 shows the test arrangement

of the bolometer. The authors conclude that the self-focusing of the plasma

Fig. 1. Radiation power,

1-Uo: 3 kv; 2- 2 kv; 3-1 kv,

Fig. 2. Bolometer placement in an accelerator.

l - bolometer feed source; 2- bolometer; 3 - optical
filter; 4- working material charge; 5- external
clectrode, D= 80 mm; 6- internal clectrode, d-=
20 mm; length of accelerating zone 40 mm.
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jet and the high radiation energy make feasible a plasma focus for

generating short duration light flashes with increased ultraviolet radiation

output and high energy for optical pumping of laser active media, such as

in pulsed photolysis.

Burmakin, V. A., and V. K. Popov. Physical

characteristics of electron beam interaction

with solids. FiKhOM, no. 6, 1972, 5-13.

Experimental results show that electron bombardment

of the local surface of a condensed medium generates a low-temperature,

thermally unbalanced (Te > ’1‘i = Ta)' dense (~1021cm-3) pPlasma, having an
excessive positive charge (10-10—10- coulomb) and significantly affecting the

technological characteristics of electron-beam Processing,

experimental results and theoretical concepts,

Based on

a qualitative physical evaluation

is given of the following phenomena, usually observed during electron

processing:

l. The electron beam penetration in solids is determined by

namely the beam power density in the lateral cross-section;
pPrimary electron energy;

three factors,

and duration of the interaction,

2. The increase of the diffusion process is explained by ion

motion in an electrostatic field and the inhomogeneity of the plasma ion
concentration.

3. The plasma lemperature in the

lowe: part of the plasma
channel at the solid boundary is higher ti

1an in the upper part, which increases

jection of materials from the Processing

the thermodynamic pressure and the e

Zone,
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4. Periodic ¢lectron beam deflect

of an excessive positive charge of plasma,
ature,

ion is due to the Presence

as a function of plasma temper -

>. During weak ionization of the materials in the zone of

electron beam interaction with solids,the external electric field increases

the molecular kinetic energy and decreases the surface jon pressure.

6. The hollow form of crystallized drops of the liquid

substances is explained by the positive charge, acquired by the drops

from the electron bombardment and from effects of surface tens‘ion.

Some graphical and Photographic data on beam Processing
of a tungsten target are included as examples,

Aseyev, G. G., G. G. Kuznetsova, N, S,
Repalov, and N. A, Khizhnyak, Parametric

instability of an electron beam modulated

by an external electrostatic field. ZhTF,
no. 11, 1972, 2264-2271.

Experimental data are given on parametric instability of an

electron beam modulated by a spatially Periodic electrostatic field. Such

modulation of dense beams may be used for collective ion acceleration or

HF and SHF wave amplification. In the experimental setup (Fig. la) energy Eo

of the electrostatic modulating field is transferred to the beam un

condition of pararietric resonance, which is form
V-I characterishc,

der a

ulated by the resonance

15105100 5 g, (1)
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Fig. la) experimental setup: 1- cathode, 2- anode,
3 - diaphragm of beam HF modulation, 4- probe;

5- diaphragm of the electrostatic modulating field:
6 - beam collector, 7- grid detector of electrons;
b) magnetic field longitudinal distribution.

Here Iis the beam intensity, S is beam cross-section, Un is the accelerating

voltage, and L is the spatial period of the applied field,

The experimenta] plot of amplitude A of the HF signal versus

I (Fig. 2) and the I versus Un Plot at maximum A show a significant resonance

Al

a5

Fig. 2. Amplitude of HF signal picked up by the probe
vs. beam I: 1- A(I), U = 600 V, n = 10, 2- A(]), UO =0
3- A (). Modulation ¥ = 219 MHz, U = 300 v,
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amplification of the HF signal with parametric instability of the electron

beam. Instability was observed only when a positive potential U0 was
applied to the alternating diaphragms, and only under conditions of current
saturation. Instability breaks down in space charge mode operation. The
experimental plot of A versus the number n of periods suggests that the
observed instability is of convective nature, The magnitude of the instability
increment

0.161,
U, * (2)

A~
T =

is derived from the A versus n and A versus U, plots at Un = 300 and 600 V.

Comparison of the ¥ calculated from (2) with the experimental

In K/K0 values (Fig, 3) shows a satisfactory agreement between the two sets

X
Ln K §

0 0 w0 g,V

Fig. 3, a) In K/K_ versus n and b) 1n K/K
versus magnitude %f electrostatic field.

Solid lines = theory, dots = experiment. Curves
l and 2- U_ = 300 and 600 V, respectively, Dots
are the dafa obtained from the A vs. nand A vs.
Uo plots.

294 =




of data (K = A/A0 at Uo # 0 and K is the amplification factor at U0 = 0).

The amplification factor K in the resonance mode may attain 100.

Instability
was observed within the 500 2w

/27> 50 MHz frequency range. This range
can be expanded towards higher w by decreasing velocity spread of beam

particles, and towards lower w by modifying the system's geometry.

Kanev, V. G., K. S. Bobev, and 7. D. Mireva.
Field emission microscopy of AIBV coated

tungsten single crystals. DBAN, v. 25, no. 8,
1972, 1029-1032.

A field emission microscopic analysis was made of the surface
diffusion or migration of antimony atoms on the surfaces of a tungsten single

crystal simultaneously interacting with cesium vapors. Relationships were

rork function ¢ versus the diffusion time
sium, interacting with an antimony layer on a tungsten substrate. A

determined for the average electron v

ot ce

temperature of T~ 77° K was maintained in the substrate and titanium getters

during emission image recording for various sorption and thermosorption

stages. A platinum current-heated wire was introduced into the Projector

for convenient dosing of the Cs vapo:'s,
and

The temperatures of the W substrate
the Sb evaporator were determined from the intensity of current passing

through the holder with appropriute corrections for cooling at the output, :

Vacuum pressure was maintained at P < 1x10-9

torr. Photos of the W-Sb-Cs
system were taken at phases of antimony coating of the tungsten crystals;

1
activation of the W-Sb system in Cs vapors; and emission-image formation ]

of the tungsten crystals with simultaneous evaporation of Sb and Cs. ‘
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L Relationship of work
function to Cs diffusion time,

_ Curve 1- coating of W with Sb,
, Curve 2- pure W coated with Cs,
Curve 3-6- Cs diffusion. ip Sb
layers,




in curves 3-¢ after the time necessary (30 sec) for W-Cs system single
layer formation shows that in layers differing in conductivity, we have

xo <d, where xo is the chyc-'Hueckel shielding radius and d is the layer
thickness,

The autharscite two experimental difficulties: 1) a decrease in
light emission from the microscope screen owing to the presence of Sb and

Cs vapors; and 2) the low work function of the Sh-Cs System (‘Bmin ~1.50 eV).
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Recent Selections

Ageyev, V. A., A. N. Raimov, R. F, Sadretdinov, and M. A.

Sultanov. Electrical crosion of metals by a unipolar low-voitage

discharge. ZhPS, v, 18, no. 5, 1973, 777-784.

Aleksandrov, V. V., N. G. Kozalskiy, S. Yu. Luk'yanov, V. A.

Rantsev-Kartinov, and M. M., Stepanenko, Instability development

and neutron emission in a Z-pinch. ZhETF, v. 64, no. 4, 1973,
1222-1227.

Arencv, B, I., L, 8. Bogdankevich, and A. A. Rukhadze. Electro-
magnetic radiation from surface wave excitations in plasma by a

relativistic clectron beam. ZhTF, no. 4, 1973, 716-721.

Bashmakov, Yu. A., K. A. Belovintsev, Ye. G. Bessonov, Ya. A.
Vazdik, S. M. Nikolayev, and P. A. Cherenkov. Iron-free passive
inductive lincar accelerator, ZhTF, no. 35, 1972, 1092-1095,

Bosaraykin, V. S., and A. I. Pavlovskiy. Linear induction accelerator,

Author's certificate, USSR no. 324722, published March 28, 1972,
(RZhElektr, 4/73, no. 4A328 P)

Bredikhin, M. Yu., A. I. Maslov, Ye. I, Skibenko, and V. B, Yuferov,

A heavy-current electron gun for operation in strong mignetic fields,
PTE, no. 2, 1973, 34-36.

Chemeris, A. T., and V. T. Chemeris, Amplifving delayed lateral

waves of an e-m ‘icld during interaction with a current-carrying plasma,

IN: Sbornik. breobrazovat. tekhnika j elektroenergetika. Kiyev, Nauk,
dumka, 1972, 172-181, (RZhFlektr, 4/73, no. 4A311)
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Davydov, A. Ben, W. T Kashcheyev, and v, 12 Kriven'kiy.

Investigating mol ybdenum anode solutiors at high current densities,
EOM, no. I, 1973, 5-8,

Dzhavakhishvili, .5, &8 N. L. Tsintsadze, Migration effect in

a_fully ionized ultra-relativistic plasma. ZhETF, v, 64, no. 4,
1973, 1314-1325,

Fedorchenko, V. D% N 12 Mazaluv, and B, N. Rutkevich,
. Limiting beam instability as a result of electron trapping by a plasma
wave. ZhTF, no. 4, 1973, 710-715.,

1
Gerasimov, A, B., and G. R, Zablolskaya. High-voltage Square pulse )
1 genecrator. Author's certificate, USSR, no. 369681, published |
|
1

April 17, 1969, (Otkr izobr, 10/73, no. 10)

Ivanov, s, T, interaction of a tubular electron beam with plasma.
ZhTF, no. 5, 1973, 959-6¢¢.

Kalashnikov, N, p, Electrical relationship of dynamic Stresses,

generated by passage of relativistic charged particles 'hrough a solid.
ZhETF P, v. I7) we, 8 1973, 435-437,

Kingsep, S. 8.0, B Maksimov, Yu, L. Sidorov, V. p. Smirnov,

and A, M., Spektor., The Neptune ~a heavy current pulsed relativistic

clectron accelerator, PTE, pe. 2, 1973, 26-28,

Kingsep, S. By, and vV, P, Smirnov, Generator of SqQuare voltage pulsed
at amplitudes 1o 50 kv, PTE; how B 1973, 109-110.
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Korni ov, Ye. A S5 IV Krivoruchko, and

5. S. Moiseyev,
High voltage wave lransformations

and low-frequency instability
allv-mhomogeneous beam-plasma disch
ZhETF P, v. 17, no. 8, 1973, 409-413,

cut-cif in a rads arge.

Korop, Ye. D., and A. A. Plyutto. Plasma potential of a cathode flare

in the initial stago of vacuum breakdown_._ IVUZ Fiz, no. 4, 1973,
131-13 2,

Keglov, N. P., L. V. Leskov, Yu.

S. Protasov, and V. I. Khvesyuk,
Experimental study of plasma focus

in erosion plasma accelerators,
Part I. ZhTF, no. 4, 1973, 740-748,

Monoszon, N. A., and G. V., Trokhachev, Electric energy

accumulation method and pulsed current generation. Author's

certificate, USSR no. 340122, published August 29, 1972, (RZhElektr,
4/73, no. 4A320)
Muminov, V. A., I. V. Shubin, and F, T3 Zolotarevskaya. Electron

beam dosimetry of a coaxial accelerator.

TN: Sbornik, Dozimetriya

sistemakh, Tashkent, Fan, 1972,
62-66, (RZhElektr, 4/73, no. 4A321)

1 radiats, pProtsessy v dozimetr.

Nechayev, V. Ye. Cn the interaction of relativistic electron beams

with plasma in a we.veguide, IVUZ Radiofiz, no. 4, 1973, 613-621.

Rukhadze, A., and A, Aleksandrov.

The operation of Photon. IN:
Sovetskiy soyuz, no. 5y A58, ),

Starodubtsev, V, Avery Y& K Zavadovskavya, and 7. M. Syritskaya.

Effect of phosphate glass structure on charge accumulation during

irradiation by electrons. IVUZ Fiz, no. 4, 1973, 112-113,




'~

M, Syritrlaya, and Ye, KK

Sl.’lru(lul)lm'v, VA AW <. '/.:w.'ulnvskaya.

Electric discharpe in uluminum-l)husphutc glasses during electron

IN: Steklo. Tr. NI stckla, no. 2, 1972, 41-44, (RZhKh,
9/72, no. 9M131)

irradiation.

Sultanov, M. AN e Vs A Ageyev,
' investigations of a high~-power pulsed

v. 18, no. 4, 1973, 584-589,

Structural and Spectroscopic

discharge channel, Zhbps,

I

]

| Syrovatskiy, S, 1., A. G. Foank, abd A, Z. Khodzhayev. Current
distribution near the null Mmagnetic field line and turbulent plasma
resistance. ZhTF, no. 5, 1973, 912-924.
a2 ance.
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5. Material Science

A. Abvstracts
avsiracts

Lidorenko, N. S., S. P, Chizhik, Yva. T.
Shcrmazanyan, o AV Shakhparonyan, (e
chimovskaya, A A, Lening 1 A. Lyutsareva
and S, P, Shumanaova . Prevaring transparent
zirconium dioxide in « high-te

mperature solar
device., JAN Arm, Seriya tekhnicheskikh nauk,
v. 25, ho. 4, 1972, | l0<i3.

Compacted stabilized ZrOZ Specimens were fused in a solar
furnace equipped with an automatic sun tracking

System using a 1.5 m
Parabolic mirror (Fig. 1),

/7
I &

Fig. 1. Solar furnace {or fusion study,

1 - "internal cylinder automatic solar power
control System, 2- rotary drive, 3- container
with uniform rotation Speed control, at 0 to
2,000 rpm; 4- contacts for thermocouples,

5- W-Re thermocouples, 6- high-speed chopper,
7~ solar radiation sensor, 8- recording potentio-

meter, 9- Specimen, 10- cover with a 17 mm diam,
apcerturc; l1- parabolic mirror,

_\)()-
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T fusion caperirments vere done 1o explore the feas hility
of Preparing transparent ZrO2 In a solar furnace,

fastened to the drive shaft in the

The container was

After the solar rays were focused on the mirror, radiant energy in the

Specimen was rapidly concentrat.d to a level of 850 w/mz, at which Zro

2
begins to melt in 4-5 scc. Axisl temperature distribation in the Specimen

1s given for various heatinyg levels. After an aaditionaj 4-6 h of heating

ubsequent cooling a cylindrical chann
melting zone. The channel walls we

at this level and s l was formed in the

re composed of a fused pore-free

transparent Mmaterial, up to 3 mm thick, Micrographs of the fused material

crystals without impurities or Structural defects
common in materials pPrepared b

revealed large cubic ZrOZ

y the standa 'd sintering technique. It is
thus shown that 4 transpareng,
oxides (Ca0, Y203, Sc203) can be prepared relatively simply in a high -
temperature solar furnace,

pore-free ZrO2 material stabilized by various

The material density is close to theoretical
values,

Vasserman, A, A. Calculating thermal

conductivity of a gas at hipgh temperatures and

pressures. TVT, no, 5, 1972, 1116 -1118.

a gas expre.sed as the function A(p, T) where T is temperature and p is

Pressure, is examined, By analogy with tquations for calculating viscosity

this can be written in the form

" 5 T - F (1, Ty,
Mp 1) == Fy(p) 4 Falp) / T+ £5(p) 0 (1, T) (1)

The first term of Eq. (1) takes into account the increase of heat conductivity
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i the asethe roo wnth ancreased pressure, and the second and the third
terms represent the curvature of isobars, ["'unctions Fi(p) are represented
by polynomials. In Eq. (1) the temperature function,i.e. the function
satisfying the heat conduction equation) corresponds to heat conduction of

a4 gas at atmospheric pressure, or A(l, T), which can be experimentally
determined and also can be calculated for a wide range of temperatures

using formulas of the kinetic theory of gases.

Eq. (1) can be formed also on the basis of experimental data
using the method of least squares or the method of base isotherms. For
the application of the latter method it is necessary to have data on the heat

conductivity of a compressed gas for three isotherms.

As an illustration, an equation for calculating the Yeat

conductivity of nitrogen for temperatures of 320°-1300° K and pressures 1-

1600 bar is formed on the basis of experimental data presented by Johannin
(J. rech. Centre nat. rech. scient,, No. 43, 116, 1958) taken from the
base isotherms 348.15°%, 573.15° and 973.15° K. This equation has the form

R(1, T) = —1,22+ 11590 — 109,002 + 86,40" — 26,904, (2)

where @ = T/1000. Deviations of heat conductivity calculated values from
experimental ones are graphically represented. The possibility of
interpolating the derived equation for various temperature and pressure

ranges is analyzed,




Ments Ac AL deiperature waven an
semitransparent medium, FWE; %6, 8,
1972, 785-791.

The author notes that no Studies have been reported on
temperature waves in a semitransparent medium in the presence of
radiative and conductive heat transfer. This article accordingly deals
with the theoretical study of that problem. To establish the characteristics
of the temperature ficld under radiation~conduction heat transfer, the most
simiple case is considered: a two-dimensional stratum with the temperature
at its boundaries varying according to the harmonic law Tb = Tr + A sinwt,
where A and ware the amplitude and frequency respectively of the temperature
oscillation about the mean value Tr' It is also assumed that the stratum
is hounded by two identical surfaces with identical reflection coefficients
and that thermophysical and optical characterist.cs are constant. The

equation for the radiative -conductive heat transfer is taken in the form:

T - ok J7 !
— s -——:—Cl-_'
; Jz’ Jdx ) Jt (1)

where E is the Projection onto the x-axis of the raciation vector; A is thermal
conductivity coefficient, and cy is a heat Ccapacity per unit volume., By
introducing the new variable (&) ) & TE, T = Tn and using certain simplifi-
cations of Eq. (1) the author obtains a linear integrodiiferential cquation

for (x, T). For the steady-state case, the solution of this equation takes

the form

O, 1) =4 () +iv(z) ™", (2)

and the solution of the problem is reduced to determination of the real and

imaginary parts of the complex temperature oscillation amplitude (x, T).
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By substituting (2) into the derived equation, g system of two linear integral
equations of the second Fredholm type is derived. Cases are analyzed

for which this System can be solved analytically, Numerical solution of the
System using Markov's and Simpson's quadrature formulas have been

obtained on a BESM-4 computer. The results of solutions fo particvlar cases

are presentcd in 6 graphs,

The results indicate that a temperature field under Periodic
thermal action ang under radiative plus conductive heat transfer, differs
substantially from the temperature field under the tnird kind of regular
regime in non-transparent bodies; furthermore, the temperature wave in

the semitransparent medium can degenerate,

’l‘omashevskaya, I. 8., and va. N,

Khamidullin, Feasibility of predicting

time of breakdown of rock samples based

en crack growth fluctuations. DAN SSSR,
v. 207, no. 3, 1972, 580-582,

The article undertakes an experimental varification of the
correctness of determining the tirne ty of rock samples breakdown from the

Baily condition
t

]
e

J vle@m) TN (1)
0

where t:k 1s 1o be determined and 7{0(1)] is the functional dependence of the
Mmaierial "lifetime' on the variation of load T(t). This functional dependence

1s taken in the form

= i) |

i
tfs(f)] = Teuxp [‘ 57 ] (2)
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where s 1s a pre-expouential factor which is numerically

equal to the
. . : . -13 -12
period of atomic thermal oscillations (10 -10

sec);Uo is the energy

of the breakdown activization process; ¥ is a structually-sensitive

coefficient, k is an isentropic exponent, and T = absolute temperature.

According to the fluctuation theory of material strength, we

then have

Y= wf, (3)

where wis fluctuation (activation) volume and B is stress concentration factor.

It is assumed that the rock sample is under compression loads cver the entire

surface, which are increasing at a constant rate, From Eq. (1) the following

expression for e is derived:

‘&
»

dt {
§ Yoexp (Uo—138)/kT) (4)

Eq. (4) has Leen experimentally verified for a series of Kamchatka granite

samples under various compression loads. Parameters Uo and ¥ were

ntally by the method presented by Zhurkov (Vestnik
ANSSSR, no. 3, 1968). Expe

graphically,

determined experime

rimental and calculated results are presented

from which it is shown that experimental and calculated results
agree well. A table of Uo

» ¥ and B values for various pressures is given,
and their

effect upon the breakdown process is analyzed.
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Degtyarev, I. S. and V. L. Kolmogorcy.

Power dissipation and kinematic relation-

ships on the velocity discontinuity surfaces in

a compressible rigidly-plastic material,
ZhPMTF, no. 5, 1972, 167-173.

Wave surfaces with strong discontinuities in velocity are
analyzed in a compressible rigidly-plastic material,
rigidly-plastic body,

A three-dimensional
satisfying plasticity condition of a given form, is taken
as the model. It is assumed that in such a

described by the equation f(xi,

body there exists a surface &

d

t) = 0 on which displacement velocities e

have discontinuities, By applying the principle of maximum energy

dissipation rate to plasticity conditions, the condition [6ij] = 0, where 6ij

From this condition it follows that for
convex plasticity conditions on the surface of velocity discontinuities,
stresses in a compressible mate

is a stress tensor, is derived.

the
rial are continuous. General expressions
are obtained for power dissipation in a thin intermediate layer of the &

surface, in which velocities v, have sharp but still continuous cranges. On

the basis of this expression, the formula defining the dissipation power on the

face of a compressible rigidly-plastic material
is derived. As an application of the derived formulas,

velocity-discontinuous sur

the steady extrusion

process of a rigidly-plastic material ‘rom a container through a smooth

V-shaped arr.v is analyzed.

Kogshdk, V. V., &. L. Rusanov, and

R. D. Katsarava. Method of manufacturing

heat-resistant polymers. Author's certificate,
USSR, no. 360638, published October 2o, 1970,
(OtkE dZbir, 86/72, p. 128)

A method is suggestied for manu?

by means of condensation polymerization of tetroamines and dianhydrides

of tetracarbonaceous acids. The resulting poiyaminoamide acids are then

subjected to diazomethanetreatment for manufacturing polyaminoamide -cther,

which in turn is subjected to heat-treatment to give it a cyclic structure.

L5

aciuring heat-resistant polymers
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Crack Propagation

Borodachev, ., M. Crack dynamics in the case of longitudinal

Problemy prochnosti, no, 4, 1973, 23.25,

shear strain,

Datsyshin, A, P, ; aad M. P, Savruk,
ordered cracks in clastic bodies,
326-332,

Systems of arbitrarily
PMM, v. 37, no. 2, 1973,

Dudukalcnko, V. V., and N, B. Romalis,

Controlling crack growth
under conditions of plane stress.

MTT, s8o,.2, 1973, 129-13¢,

Guz.by I 1S, Interaction of surface waves with crack boundaries.

DAN SSSR, v. 209, no. 6, 1973, 1326 -1329,

Kondratyuk, §S. We. , and A, B Opalchuk,

Effect of added alloying
and heat treatment on failur

¢ resistance of steel, Problemy
Prochnosti, no, 4, 1973, 90-92.

Kopasenko, Vv, Vi, mmd M, K. Tuyebayeyv, Stress in a Symmetrically

layered plate weakened by a central crack, PMM, v. 37, no, 2,
1973, 333-338,

Krasovskiy, A, Ya., G. N, Nadezhdin, and N,

:ct of plastic flow at a crack terminus on
1o a brittle state,

D. Bakalinskaya.
transition of sheet iron
Problemy prochnosti, no, 4, 1973 625k

Mar‘ynyuk, P, A., and Ye. N, Sher, St
longitudinal shear 11 an infinite n

no. 2, 1973, 121-126.

ationary crack motion from
Arrow plastic region, ZhPMTF,
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Morozov, Ye, M., afd V. T, Sapunov,

Crack propagation in
viscoelastic bodies. IN: Sbh., K

onstruktivnaya prochnost' staley
ye otsenki, Moskva, 1972, 3-6. (RZhMekh,

1 splavov i metody ye

4/73, no, 4V719)

Morozov, Ye, M., and V. T. Sapunov. Culculating a destriuction

diagram. ZhPMTF, no. 2, 1973, 172-176.

Panasyuk, v, v. Proble

ms in the mechanics of britile failure in
structural materials,

F-KhMM, no. 2, 1973, 44-59,

Panasyuk, v, W@ Ve Kovchik, and L. v

- Nagirnyy. On methods
of determining the

resistance of Mmaterial to cr

F-KhMM, no. 2, 1973, 75-79,

ack propagation.

Romaniv, O. N., N, L. Kuklyak

» and Yu. D. Petrina, Effect of
surface layer Siructural

States on crack Propagation resistance of

Steel parts, F-KhMM, no. 2, 1973, 5-11.

Shmidt, V., and v, I. Betekhtin,

Formation of microcracks in
deformed NacCl.

FTT, no. 4, 1973, 1235-1237,

Stadnik, M. M. Failure of a three-dimensional brittle body

weakened by an internal planar crack. PM, no. L 19vs, 117-120.

Summ, B, D)l XN Rutman, and Yu, V. Goryunov, MacroscoJ)ic

agation in mercury-containing zinc under tension, F-KhMM,
ne. 2, 1973, 50«53

crack prop




g i o sl adbe sl s
S s LA N e &

i,

Vasilenko, I, I,, O. N. Chaplya, V. 1. LcYoyko, and Yu. V.
Zima. Adsorption reduction of failure in steels, heat-treated to
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6. Miscallaneous Interest

I [-,!.:tr.,l b

French Southern Ocean and Antarctic
Regions 1772-1972. Industries et
travaux d’Outre-mer, February 1972,
92-108,

A brouad review is given of the history, administration,
installation of permanent bases, and scientific research presently conducted

and planned ir the neaj future at French rescarch bases in this area,

Presently there ar« iour permanent bases: Dumont-d'Urville
on Petrel Island, near Adelie I.and (French Antarctic Sector); Port-aux-
Francais in the Kerguelen archipelago; La Roche Godon on Amsterdam
Island, and Alfred Faure in the Crozet Islands. Only basic research has
been conducted at these bases. The research program is divideg into four
Principal groups: geomagnetic, geographic, biological, and Oceanographic,
Only Oceanographic research is expected to produce Practical results fairly
soon in the area of ocean resources exploitation and development of the
fishing industry, Scientific data gathered by these research laboratories
are transmitted to Paris, by radio; installation is also being studied of an
automated system for correction and real-time transmission of recorded datga
from Kerguelen to Paris. Scientific research in this region is subsidized by
the French government through the Ministry of Transoceanic Territories and
Departments, In FY 1970 operational and investment expenditures of the
scientific services amounted to 5,610, 000 francs and 1, 550, 000 francs
respectively. With this general background, the article goes on to outline
the objectives and scientific orientation of research in the four Principal

research areas cited.

In the area of feomagnetic research, the French have
established a joint effort with Soviet researchers to exploit the unique position

of their Antarctic bases. Thus the Kerguclen base 1s located on the same
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Inagneuc hne of force as the Soviet Sogra base, where analogous scientific

Joint studies are in progress on the Kerguelen -
conjugate poinis, and similar studie
and Heard -

installations exist.

Sogra
s are scheduled for the Crozet - Pskov
Dolgoshchel'ye conjugate pairs; these are important,
conjugate pairs with both points occurring on land are
Thus far

Since

relatively rare.

» in the framework of Franco-Sovie

L cooperation, rockets were
launched from Kerguelen in 1968 angd balloon-borne measur

Programmed into Project Omega for 1970-1971 from bo
Kerguelen stations.

ements were

th the Sogra and
A Soviet space geodesy team was also authorized by
the French government to spend the winter of 1970 on Kerguelen.

A future joint progr

am for magnetospheric studies was
agreed upon at the Franco-Soviet colloquium held in July 1969 in Borok,
in the Yaroslavl' district, USSR. The main points

of this agreement are:
concentration and utilization of equipment in ionospheric, magnetic, VLF,

on of certain

and auroral measurements during limited periods; extensi
recordings to the Croze

t and Pskov stations; a Summer program on Heard

Island (Australia), 250 km south of Ke

rguelen, und balloon- and rocket -
borne experiments.

Establishment of dire

ct Kerguelen-Sogra and Kerguelen-

Obozierskiy communication lines js foreseen,

In this regard, interest is

expressed in obtaining Magnetospheric data in the vicinity of the Kerguelen -

Sogra force

Kerguelen - Sogra force tube or, alternatively,

transmitted by satellite directly at Kerguelen,
Judged to be less expensive,

to receive the data

The latter alternative was
so the plan therefore calls for installation at

Kerguelen of 3 receiving stat

ion for satellite transmissions. Also,
utilization of Kerguelen as the re

is anticipated

ference time center for all other Stations

In view of the need to have time standards exact to one

’

millisecond,
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During the cited Sixth pj

an period, low-frequency (50-500 Hz
and 15-300 Hz) emission studies are pr

Stations of the Te rritory. To do this, automated remote recording

Stations will have to be installed away from the Permanent bases, and

be connected to the main observatory by telemetry. Present observatories

are in Adelie Land (Dumont d'Urville) and in the Kerguelens (Port-aux-

Francais), and two geomagnetic stations are installed
on Amsterdam Island. A new isotope

in the Crozets and

“Powered station is also under study

for Adelie Land, The Dumont d'Urville observatory is located over 1000

km inside the southern auroral zZone, near the magnetic pPole, whereas the

side the auroral Zone, and hence in
a position exceptionally suitable for the study of the

Magnetic perturbations. Muon and neutron de

Port-aux-Francais observatory is out

Van Allen belts and
tectors have been operational

at Kerguelen since July 1957 and, Starting in 1962, in Adelie Land as well,

In the geographic research area, a Soviet Proposal is discussed
for launching meteorological rockets from Ker

temperatures up to 100 km altitude,

and rockets will be usegq at Kerguele

guelen to study winds ang

According to the plan,Soviet balloons

the article includes a photo of a roc

Kerguelen.

In contrast to the cited instances of
a4 competition appears to be under way over fishing

concluding remarks,

Franco-Soviet cooperation,
» as evidenced by the

Some time 480 a sudden massive intrusion in Australian
rn Soviet fishing flect prompted French authorities to

start fish population counts in the spring of 1973 in these waters.
December 1970, the pc

waters of a mode

Since
rmanent presence is mentioned of about 30 Soviet

lrawlers [rom Vladivostok angd Odessa, which are supported by vessels

Ooperating from the Canary lslands. Although not surprising, the presence

of S0 many Soviet vessels generates some apprchension with respect to
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Soviet intentions to achieve naval Supremacy in the Indian Ocean. The fact

that the French sub-Antarctic islands are not demilitarized is seen as a
guarantee against repetition of the 1958 troubles caused by Soviet military
installations in the Antarctic. The 1972 maneuvers of the French Navy in the
Indian Ocean, the visit of the Soviet cubmarine "Orion" to Mauritius, and
American activities at the Diego-Garcia base are al] Seen as signals of interest
displayed by the respective governments towards the geopolitics of the

Indian Ocean. The article concludes with the hope that peaceful rather

than strategic development will Prevail in the region,
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" cruises by the fisheries research/reco

COMMENTS:

With reference to the foregoing remarks on the increasing
presence of Soviet fishing vessels in the Kerguelen
sheds some light on the ships

area, a recent source ¢
» research, and future activities involved.

Since 1969, the Azov - Black Sea Scientific Research Institute
of Fisheries and Oceanography (Azcher NIRO) has had a four
in the Institute's Fisheries Oceanography

“man team
Laboratory studying the morphology
and bottom sediments of the Indian Ocean. This cffort has been supplemented
canographic expeditions (see
rawlers (RTM's and BMRT's),
57,000 nautical miles of echo-sounding tracks were
run, and 1537 bottom-sediment samples were taken.

Fig. 1) aboard standard and large freezer/t

During these Cruises,

Specifically in the Scuthern Ccean, there have been four

nnaissance ships "Skif" and "Fiolent"
These cruises involved bottom mapping and
sampling of the shelf and slopes of Kerguelen, Crozet,

-

between 1969 angd 1972,

and Heard Islands.

Figure 2 below shows completed and planned fisheries
mapping activities for the Indian and Southern

the type of informatijon format. The "Atlas"

~Support
Ocean areas with respect to
mentioned in the legend refers to

ies Data on the Tropical
Zone of the Western Indian Ocean, " Parts I and II.

the'Atlas of Hydrometeordlogical and Fisher

Vorob'yev, S. P,, et al. Present state of knowledge of the bottom
relief and sediments in the Indian Ocean for fisheries support. Ekspress-

informatsiya, Promyslovaya okeanologiya i podvodnaya tekhnika, no. 4,
1973, 12-18,
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Fig. 1. Geological and Geomorphological Operations in the Indian Ocean.
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From 1967 to 1972, AzcherNIRO's cartographic branch has
published: 32 fishing charts; 6 fishing -pround descriptions; 54 charts

appearir g in the above-mentioned "Atlas''; and 10 navigational-fisheries
charts (1970).

It is suggested that more research be performed in the
central Indian and Southern Oceans to refine and supplement data gathered

to date.
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Paviov, 0. p. sq, reophotogrammetric

£
system for studying the ocean bhottom,

Ekspress informatsiya, Promys lovaya

okeanologiya i pPodvodnaya tekhnika, no.
By 973, lei7.

Additional information on the "Skorpena! underwater drone
and the "Limb" sclf-contained underwater stereo camera system is
Presented. Regarding Skorpena, the following new Specs are given:

weight (in air) - 0,37 metric tons; displacement - 0.47 metric tons:

width - 1.4 m; thickness - 09,37 m; height (without antenna) - 3.5 m; and
submersible motor shaft power - 500 watts. The motor is powered by
silver-zinc batterics with a Capacity of 45 amp-hrs at 27 volts. Continuous
motor operation cycles ranging from 6.5 1o 20 minutes are preset before
launching. Although not stated in the original article, Skorpena should
have a "running time" (motor operation only) of about 2.5 hours, assuming

a current of about 18 amps and no other drain on the batteries. The

Systems and in the event none of them work, a tethered radiobeacon/
flashing light capsule can be released to aid in drone recovery. The
beacon has a 10-2¢0 km radio range and the light has a3 120 joule flash

intensity. It is mentioned that instrumentation weighing up to 100 kg can
be carried by Skorpena.

The Limb underwater stereo camera system described in
the article is used in conjunction with Skorpena. The camera system
consists of a cylindrical pressure casing (800 x 219 mm), two lelescopic

flash lamps, an acoustic transducer usecd to detect objects entering the

Paper presented at the Conference on the Study of the Sea Bottom to

Support Fisherijes and Navigational and Fisheries Charting, Murmansk,
9T E.




depth of focus ol the lenses, o depth gage, film counter, and an indicator
showing the attitude of the optical axes relative the vertical. The sterco
base of the camera is 300 mm, and it uses standard 190 mm wide aerial-

camera film, with each stereo-pair frame measuring 60 x 60 mm.

Shipboard processing of stereo pairs is performed on the
MSK-1 stercocomparator developed specifically* for shipboard use. The
unit measures 510 x 450 x 500 mm, and weighs 17 kg. Measurement accuracy
of the x and y coordinates is no worse than 0.0l mm and resolution at the

frame center is 85-90 lines/mm.

Medvedev, V. 1., and G. 1. Kazakov.
Algorithm for optimum siting of ground

satellite communication stations. IN:

Trudy Moskovskogo vysshego tekhricheskogo
uchilishcha im. N. E. Baumana, no. 150,
1972, 64-69. (RZhRadiot, 12/72, no. 12A256)

(Translation)

A formula is introduced for estimating the criteria of effective
station siting, determined as a function of earth satellite orbital parameters,
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